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PREFACE TO THE FIFTH EDITION 


In preparing the manuscript for the fifth edition oi Systematic Organic 
Chemistry, several alterations have been made to improve upon the 
earlier editions. The more important changes are : 

(i) A section on Industrial Fractionation of.-^ilcohol (Chap. 2) has 
been added. ' 

(iii The sections on the Structure of the Atom and on the Electronic 
Theory of Valency (Chap. 6) have been entirely rewritten in 
the light of recent developments in this field. 

(iii) A section on the Electrolytic Preparation of ethane (Chap. 7) 
has been added. 

% 

(iv) A section on nitrotoluenes (Chap. 29) has been added. 

(v) Use of azo-dves in Dyeing and Calico-printiug has been explained 
more exhaustively (Chap. 31). 

(vi) A reaction of phthalic acid with phenols involved in the produc¬ 
tion of flourcsceins has been added (Chap. 35) 

% 

In preparing the Index an entirely new scheme, devised by my son, 
Chanan Singh Sekhon, a li.Sc. student, has been used. The folio head¬ 
ings have been altered accordingly. 

All the blocks for the present edition have been made afresh and in 
some cases the figures have been redrawn to make them more explanatory. 
About fifty new blocks and a number of university questions have 
Irecn added. 


It is earnestly hoped that the book in the present form would be 
more useful to the student than its earlier editions. 


Sikh National Colleges, 
Qadian. y 
November, 19^9. 
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SYSTEMATIC 

ORGANIC CHE MISTR Y 

PART I ' ' 

GENERAL 

CHAPTER 1 
INTRODUCTION 


I. Scope of Organic Chemistry. —Formerly, the name‘Organic 
Chemistry' implied ihe chemistry of substances obtained directly or 
indirectly from plants or animals. These substances were regarded 

„ , 1. •___ i i _ r . • i i . , « . 


irecu> irorn pjants or animals, inese substances were regarded 
as being capable of production only under the influence of the my¬ 
sterious vital force or life force, and. hence, it was thought impossible 
that the chemist could produce "organic” substance in the labora¬ 
tory. It was believed that the living world laid n.«idn tb*» ni-dlnorv 


i-nat me cnemist coma produce "organic” substance in the labora¬ 
tory. It was believed that the living world laid aside the ordinary 
laws which controlled the founation of in organic substances (*'«. sub¬ 
stances of mineral origin), and that it possessed its own laws of com- 
bination and its own force of nffinil-y. 

In 181m, Berzelius, by means of his improved methods of analysis, 
made accurate determinations of the composition of a number of organic 
acids, x he results obtained proved clearly that the composition of each 
ot these compounds could be represented by simple atomic ratio of the 
constituent elements. Thus, one cf the distinctions between ‘organic’ 
and ‘inorganic substances disappeared. 

The chief distinction that was supposed to exit between organic 
a lnor e amc _ substance 8 , viz., that the former were produced only bv 
the agency of hfe force, was given a rude shaking by the work o'f 

urea from fa ' U ° US ? erma '' ohemi3t ' ' vho ’ 1828 - succeeded in preparing 
urea from ammonium evanate. The preparation of alcohol from 

b K Hennel , 1,1 lho ?ame . vear a nd a host of other syntheses 
ff rhcif U ^t qnent y , gave a d eath-blow to the ‘Vital Force Theory’ 
rhe time-honoured terms‘organic’and‘inorganic’ arn RtJll rof _- \ 
by the chemist, though the significance attaching to th^ l11 retained 
U entirelv different from wh^f ” fr gTnaul To d?v "the^nlme 

mmmmM 

discussed in text-books of ino^anic chemistry ' “ aC ‘ Ual practioe - 

wic b r:, een or ** nie •»«* 

■norganic ohemis£y, " 
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the two branches is not a sharp one, why should the two he treated 
separately ? We give below the chief reasons for keeping up the 

distinct |>he ftto :ns of carbon possess a remarkable capacity for com¬ 
bining with one another, giving rise to “chains and “rings - Com¬ 
pounds are known in which as many as sixty carbon atoms are directh 
linked to each other, while others contain “closed chains or rings 
composed of as manv as thirty, carbon atoms. It is because of 


. FRIEDRICH WOHLER 

(1800-1882) 

Well-known German chcm i*t hi o'v To The -Vital Force Theory ” o£ the 

c anate ^ . . .. _ 1.. uonn 


- * foiIllation of organic 

remarkable property .parboil> that tl ,* £££* Stance, 

is poetically unlimited 1 h«« ; J^ thftfc of the compound. 


is poetically unUimtod lh ^ tbe thftfc of the compound. 

MS — ...or, «... o — - 

chemistry is the P he,lo /”* n “" “ f Thus whereas the formula H,SO. 
occurrence in organic ctaw J. namely 8ulp i luri c acid, the forn .1. 

t'lZ* whtel.'Tas as many as 119 known isomers 


« ' 










in 


yoA T n the third place, the reactions of organic chemistry differ 
ceVtain important points from inorganic reactions. 1 ho majority 
i are ionic in nature, and take place almost instantaneously 


reac- 

same 


while the^former proceed comparatively sWlv. Moreover the. 
tions of organic chemistry are much more complex, and the 
Substances, ^vhen allowed to react together under different conditions. 
maTgive rise to different products. Thus, ethyl alcohol when treated 
with sulphuric acid, may, according to experimental conditions ] reduce 
four different substances, namely ethylene, ethyl et ..er, ethyl hyriroge 

sulphate and diethyl sulphate. " . . 

( 4 ) Lastly, organic compounds differ in many ways from lnorgai.i 

compounds. They are unstable and are generally deec n.posed at high 

temperatures. T 1 ey are usually soluble in alcohol, ether, enz^i e. etc 
whereas majority of the inorganic comopunos are irsoluble in these 
solvents; but they dissolve in water Again,- organic eon,poiuids are 
much more complex, eg., slear.n, a constituent of animal fats is 
represented by the formula 7 H,» 0 Q*. Substances such as cellulose, 

starch, and proteins are even more complex'! • 

From the considerations out lined-al ovo-it is clear that the se # -arate 
treatment of organic from inorganic^hemisti y is based on the principle 
of division of labour and convenience of the workers in the two fields 
rather than on any fundamental difference between t he two branches. 

3 Importance of OrganMc CtierViistry — Numerous organic sub- 
stances play an important'partlri J our dailyiife.^'Tlie clothes we wear, 
the food we eat, the wood we’ employ for making Wi6’ •fiirhitufe , ‘ftet our 
homes, the paper and ink we use in Wfitiny, the soap we employ for 
washing, dyes arid dfhgs that afrd^oHrtdisporsablc to us, aroall organic 
in nature. * The stucty of l orgaVn6 ehfeiWifUrydfc-mtecssary to the student 
of Biology forxthe proper understanding Of the various processes taking 
place in the bodies of animals and plants, to the physician/• in; order 
to know the nature of disease and its cure, the plianUacifcty f. r the 
proper preparation of medicines, and above all to the chemical 
manufacturer. Of the numerous industries based on organic chemistry 
we may mention manufacture,of alcohol and wines, petroleum indus¬ 
try, textile industry, rayon manufacture, manufacture of pap r, leather 
industry, manufacture of dyestuffs, and manufacture of drugs. 

4. Sources of Organic Substances. —The different sources from which 
various organic substances are derived are given in the following table; — 


Source 

1 . Plants 

2 . Animals 

3 . Coal-tar 

4 . Wood 

5 . Bones 

6 . Petroleum 


Substances 

! Sugar, starches, cellulose, alkaloids, acids, 
esters, vegetable oils, essential oils, camphor, 
gums, dyes, perfumes, tannins, etc. 

Fats proteins, urea, uric acid, gelatin, etc. 

Benzene, toluene, phenols, and other aroma¬ 
tic compounds. 

Methyl alcohol, acetone, and acetic acid. 

Pyridine, quinoline, etc. 

, Petrol, solvent naphtha, kerosene, gas oil, 
lubricating oils, vaseline, paraffin wax. etc. 
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5. Elements present in Organic Compounds. —Though there 
exist numerous compounds of carbon, most of them contain this element 
in combination with one or more of the elements hydrogen, oxygen and 
nitrogen; a few of them contain chlorine, bromine, iodine, sulphur, 
phosphorus or arsenic. T 1 e following table gives the composition of 
the more important classes of organic compounds :— 


Elements Present 

CVisses of Compounds 

C and H 

Hydrocarbons. 

C, H and O 

Alcohols, aldehydes, ketones, carboxylic acids, 
esters, oils, fats, sugars, starch, cellulose, etc. 

C,H and X 

Amines. 

C, H, N and O 

Amides, amino-acids, nitro-compounds, proteins, 

1 alkaloids. 


QUESTIONS 

1. What is meant by the Vita! Force l heory ? Why was it abandoned ? How 

does the modern chemist define ‘Organic Chemistry’ ? 

2. What considerations have led the chemist to separate the Organic Chemistry 

from Inorganic Chunistry ? 

3. Write a short essay on "The Importance of Organic Chemistry.” 

4. What are the main sources from which vaiious organic substances are 
obtained ? Najr.e the various elements which are met with in most organic 
substances. 
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METHODS OF PURIFICATION AND CRITERIA OF PURITY 

I. Purif cation of Organic Substances. —Most of the organic 
substances when first prepared are impure. Before they can be syste¬ 
matically investigated it is necessary that they should be obtained in a 
pure state. The various methods employed for this purpose are given 
below. 

2 Crystallization. —The method of purifying an organic substance 
by crystallization is essentially the same as that employed for inorganic 
compounds, except that solvents such as alcohol, ether, light petroleum, 
chloroform, benzene etc., are employed in addition to water. A hot, 
nearly saturated solution of the substance in a suitable solvent is first 
prepared. Any insoluble matter that may be present is filtered off, and 
the clear, hot solution allowed to cool; crystals of the substances separate 
out, while the impurities are left behind in the mother liquor. The 
details of the prcedure are : — 

( 1 ) Preparing the Solution. The first thing to do in this connection is 
the selection of the right solvent. Small amounts (a few milligrams will 
suffice) of the substance are put into a number of small test tubes, and 
treated with a small quantity of each of the common solvents. If the 
substance dissolves immediately in the cold, or if practically no dissolu¬ 
tion occurs on warming, the solvent under trial is unsuitable. The 
most suitable solvent will be that in which the substance dissolves on 
heating and from whjoh it readily crystallizes out on cooling. 

Having made a selection of the solvent, we must next determine 
the amount of it to be used. It should be just sufficient to make the 
solution, when hot, nearly saturated. Too largo an excess of the 
solvent should be avoided, otherwise no crystals will form on cooling. 
It should be remembered that the substance to be purified often 
contains insoluble imnurities, and no attempt must be made to bring 
these into solution by the addition of a large amount of the solvent. & 

A suitable quantity of the well powdered substance along with the 
necessary amount of the solvent, is placed in a flask. If solution occurs 
readily, the flask is gently warmed on a water bath. Should it, however 
be too slow, the flask is fitted with a reflux condenser and heated on 

thl W !]f ♦ °u 8andbath ( Fi «. l ). # This arrangement prevents the loss of 
the solvent by evaporation during the process of solution, and also 

prevents the vapour of the solvent, if inflammable, from catching fire^ 

( 2 ) Filtering the Hot Solution. If the quantity of the solution is 

vw’f 1 * m f y mt ? red trough an ordinary filter paper placed in a 
funnel fUn T n niitT h * ^ °, r a duted fitted into a fluted 

^before fflteri ** 61161 Pap6r ” USt be Warmed 


( 3 \ Crystallizing. The hot filtrate is allowed to cool as slowly a 
possible in a beaker covered with a w 

• • ** a i 1 



e reauiiv oniainea oy cooiinz me soiuuu' 

% % 

rapidly, say by placing the beaker in cold watei 
The crystals thus obtained are free from droplets < ♦ 
the mother liquor, which the large crystals are vei 
liable to occlude. 

In the ease of certain substances, on allowing t 
hot solution to cool, an oily liquid may separate 01 ' 
instead of the crystals. This indicates that th 
solution is too much concentrated, and the solute 
therefore, begins to separate at a temperature above 
its melting point. The defect may be remedied b\ 
addin.' a little more of the solvent. 

( 4 ) Separating the Crystals from the Mothe• 

Liquor If the crystals are large the mother liquo 1 

can be readily poured off and the crystals washed 

with .a little of the pure solvent. The best method 

however, of .separating the crystals from the mothe. 

liquor is that of “vacuum filtration”, using a Buchner 

funnel, B, a filtering flask, F, and a filter pump, P 

rf'ij- :*) The trap, T, prevents the liquid left in 

« I 1 r At _« r.. - . hn!n<v nMfdf inf A f. If f* 


- * I '' - - —* ■ . . 

the holy of the pump from being sucked into the 

technical operations, a 


filtering flask 


11 i v Vz * a a ■ — • 

For handling larger amounts of material in 
centrifugal machine is most frequently used 

Fi ' 4. shows a centrifugal machine for dry- 
iiv' crystals, designed by Professor Pi hards of 
Harvard l niversily. It is specially smlallo for 
chemical and sugar laboratories. '1 he crystals to 
be dried are nut into the perforated drum, u, 
made in this case of porcelain. The outer bucket:. 

B is also of porcelain and is provided with a 
draining nozzle. -V. The drum is made to rotate 
..4 a si ced of 1,000 revolutions per minute, »>> 
means Of'the electric motor. M. The dry cry 
stals are left inside the drum, while the mother- 
liquor, which previously adhered to the crystal*, 
passes out through the perforations into the 

outer bucket. • . r Adda little 

Expt. 1. Dissolve an impure sample of acetan Allow the filtrate 

SSS SSaa-rSfSava-JW* 

the substance to be snbl.med on a " “ is covered with an 

sand-bath with a free flame n itself (Fig fi). Over the edge 

inverted funnel, somewhat ‘ filtcr ‘ er This prevents the 

fron ’ flllu " s ' ,ack ° n to " “ 



Fig. 2 . Hot water Funnel 
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« f - V 
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methods of purification 


I'wicb glass.. The upper surface of the funnd may be kept coo! by 
covering it with several layers of wet filter pap . 
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ed 

$u 
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pi Ei 3. Filtration under Reduced Pressure. 
(B) Buchner Funnel. (F) Filtering Flask. 
(T) Trap. ( P ) Suction Pump. 


A very efficient apparatus for 
sublimation is Bruhl’s apparatus 
shown in Fig. 6. This consists 
of a hollow metal vessel provi led 
with inlet and outlet tubes for 
circulating water, and having in 
the middle an opening of the 
shape of an inverted, truncated 
cone. The substance to bo 
sublimed is placed in a crucible 
supported in the opening as 
shown in the figure, and the 
whole is covered with a glass 
dish. The substance sublimes in 
pai t on the inside of the glass 
dish, but more abundantly on 
the upper cold surface of the 
metallic vessel. 


Expt. 2 r'f'Using, the apparatus shown in Fig. 5 or Fig. 6 . prepaic a sample of 
pure benzoic apid or anthracene. ■ 

4. - Distillation. —The process . of distillation is used for freeing a 
substance from non-volatile impurities, or from substances which are tar 
more or.far less readily volatile than tlic substance to be purified. 





Fig 4. Centrifugal Machine worked by an Electric Motor. 

The usual form of apparatus employed in distillation is shown in 
Fig. 7 . It Consists of :— \»> 

( 1 ) Distillation flask, F, provided with a side-tube, 

(2) Liebiq condenser, C , and 

1 3) ‘l&ceiter, H. T * 

A thermometer, T, is usually fitted into theneok of the flask,order 
to. note the boiling-point of the liquid. The bulb of tlie thermometer 
.must fee ju&b laelow the position where the side-tube is fused into the 
kneoW of the -flaa^:. , ,Thg; o id of the side-tube of the dislillation flash 
must pass right through the cork, so that the distillate, as it tails' into 


! 
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the condenser tube, does not come into contact- with the cork. To 
prevent the liquid from “bumping” (sudden, violent ebullition), a few 
pieces of broken porous tile (or some glass beads) are added to the 
liquid before starting the distillation 



Fig. 5. A simple Apparatus 
for Sublimation. 



Fig. 6. Bruhl’s Sublimation 
Apparatus. 


When the boiling-point of the liquid lies above 170 ° C, there is a great 
danger of the condenser tube getting cracked. In such a case, therefore, 
a straight glass tube, called an air condenser (Fig. 8) is used instead of 
the water cooled condenser. 


Expt. 3 . Using the apparatus given in Fig. 7, distil some pure benzene. Add 
a few pieces of por<-us tile to prevei t bumping. Notice that practically the whole of 
benzene pavses over at a constant temperature ( i.e . 8o° to 80 5 0 depending upon the 
atmospheric pressure). 



Expt. 4 . 

in colour. 


Fig. 7- 


Distillation and Boilmg-point Apparatus. 


Using an air-condenser distil some anil nc. which has turned dark 
Notice that the first few drops arc turbid, because of the presence of 
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moisture. As soon ad the distillate passes clear, receive the ^niliue (b.p. i 8 j°) i»|o 
a clean, dry flask. 

5. Fractional Distillation.— This process is employed for separating 
a mixture of two or more miscible liquids, the boiling-points of which 
are sufficiently removed from one another. The method is similar to 
ordinary distillation, except that portions of the distillate passing at 
different temperatures are collected separately. The boiling must be 
made to proceed slowly and evenly, so that it may be possible to 
count the individual drops as they fall into the receiver. 

' On distilling a mixture of two liquids, say, benzene 
(b.p. 80°j "and toluene (b.p. 111 °), more of tbe lower 
boiling liquid passes over at the beginning, and more 
of the higher boiling one at the end of the operation, 
the composition of the distfllate ohanging continuous¬ 
ly. In order to effect a separation of benzene toluene 
mixture, the: di tillat^ may be best collected in 5 
fractions : A, from 80° to 85° ; B, from 83° to 91°; C, - ; 
from 91° to 98° ; D, from 98° to 105° ; E, from 103 to j 
111°. The different fractions are collected in labelled ; 
flasks, a id their respective volumes noted. The por¬ 
tion of the liquid which does not distil upto 111 ° 1 

is rejected. j 

The process of distillation is now repeated as follows: t i 
The contents of flask . A are transferred to the dis- J 
tillation flask, and redistilled, the distillate passing at 1 
80—85° being collected in the same flask A, When i 
the temperature reaohea 85° the distillation is stopped, 
and the contents of the flask B added to the distilling 
flask. The distillation is continued once again, and j the 
fraction passing at 80—85° is collected in flask A, and w 

the one pacing at 85°-91° in flask B . As soon as the Fig.S.AirCoHdcnser 
temperature reaohes 91° the distillation is again stormed nn A 
contents of flask C, ailed. Tne distillation is one* E’continued 
and the fractions passing at 80°—85°, 85°—91° and 91 ^-^ko » d 
collected in flasks A, B, and C, respectively The nrocA- « * a &T& 

in the above manner, until all the fractions have been added ° n 

•++ five fractions collected during the second distillation are sub 
nutted to the same process as before, a id the * S' 

the volumes of the fractions A and E increase, while r f epe ^ ed * 

B , C, and D continuouslv decrease When theTot* ° f f ^® tlo » 8 

liquid in flasks B, C, and D becomes very small t ° f th ® 

1 .. 

*suEsyr t ft* 

neck. The process, however, is rendered more Afflo* S * ntly • j*° bg 
using a fractionating column (Fig 9) connected and ? api f b> ^ 

boilmg flask. The fractionating column ^ids^he ^eDara^fnn^^ 
mthe opposite way to the boiling process A a thtfVS ?“ by ^Working 
ward through the column it JrLvr Aa th ® va Pour passes up- 

action of the air. The condensate flows ^ the « ool i n « 

a layer around each disc, glass-bead or 


10 
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In this manner, the up-going vapour is brought into a continuous 
contact wi.h the down flowing liquid, whereby the vapour is thoroughly 
scrubbed. The scrubbing aids the separation both by partial evafo- 
ration of the liquil, and by paitial condensation of the vapour. 
There occurs, therefore, a continuous exchange of constituents between the 
vapour and the liquid. Thus, by the time vapour reaches the top of the 
column, most of the less volatile constituent would get condensed. 
Similarly, the more volatile constituent contained in tl e down-flowing 
liquid would bo completely removed by the time the latter flows back 
into the distilling flask. In this manner, a far more thorough separation 
ot the constituents is effected than is possible with an ordinary long¬ 
necked distillation flask. The use of a fractionating column renders 
the number of redistillations much smaller, though as a rule, it cannot 
entirely do away with the necessity of redistilling. 



Fig. 9 . Different Types of Fractionating Columns. 
a a tvni> • (B) Young's pear-shaped type : (C) Le Bel* 

M> Y ° Un f t 9 m r ° d ' a ,nt^ Hem~lV cL?«lmn fillfj with glass beads ; IE) StLl head 
Henninger column ,e^pc r r ^ a largc scale on the right of Eh 

filled a in fractional distillation on the laboratory 

The apparatus us Th e mixture is distilled from a round-bottom 
scale is sho^n in Fu. • . .. rohiirn FC The latter is provided 

flask, F fitted- with a ^ water-cooled condenser. C. 

^e^uoSrfractiona of the distillate arc collecled in the recovers 
R x , R s . R 3» and r 4 - 


- * ^Industrial F^ctionation « 

volatile liquids on a commercia & k eitfht of * 30 feet or more. The 

columns are used wh,c J S.J ‘ aquC ous alcohol, the long air-cooled 
"Coffey still used for rectlf >*" g t}e q 3Cpara tion of the crude petroleum 

^: iC ::riot m fr:cUo n n P s , 0 y a C nd the P-Ug ^r the fract.onat.on 

— ofofLctionatinfl columns 


* 
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compartment 1 of the frac- 
tionating column, as shown 
by arrows in the figure. 
Here they get partially 
condensed, and the conden¬ 
sate, consisting of the higbe 
boiling constituents, collects 
on the plate. An overflow 
pipe allows the condensate 
to flow baok into the still. 
The more vola ile compo- 
nents pass on to compart¬ 
ment 2, and so on.. In this 
manner, tho lower-boiling 
components get separated 
from the higher oiling bonee. 
The former may be led off 
from the top of the column 
and the latter withdrawn 
from the bottom. 

. Expt. 5. Using long fraction¬ 
ating column packed with Lc-^- 
ing's contacr rings oWe of 
aluminium, or with small pieces 

Fig. .=. Fractional Distiiiation. 

Collect 5 fractions and measure their respective volumes. Repeat the fractionation a 
second t.me and again measure the volumes of different factions. 

7. Distillation under Reduced Pressure.— 

Some organic liquids wl ich decompose at their 
boiling point under atmospheric pressure may be 
distilled without decomposition under low pressure. 
Thus glycerine boils wi*h partial decomposition 
at 290° under IbO mm. pressure. It may be distilled 
without decomposition at 180° under a pressure 
of 12 mm! 

The usual form of apparatus used in “vacuum 
distillation” is shown in Fir. 12. The liquid to be 
distilled is placed in a Claieen’s distilling flask, F. 
Through one of the necks of tlie flask passes a 
thermometer T, and through the other a glass 
tube. C, which is drawn out at its lower end to a 
capillary dipping into the liquid and is closed by 
means of a piece of rubber tubing and a screw clamp 
T1 is arrangement prevents bumf ing. which is more 
pronounced during vacuum distillation tlan during 
distillation under ordinary pressure. - The evacua¬ 
tion of the apparatus is effected by means of a 
water or mercury pump. In t\e former <ase, the 
Fir. 11 . Bell an 1 plate lowest pressure obtainable is tl at t f aqueous vapour 
Fracdmating Column, at the room temperature ( i.e usually 10 to 26 irttn) 
mth-a mercury purr p, pressures lower than 1 mm, can be readily obtained 
A manometer, M is introduced between the reoeiver and the pump far 
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ascertain the pressure under which the distillation takes place. All 
corks must bo made perfectly air-tight by coating them with collodion 
after the apparatus has been fitted up. '> 

In most of the distillations under reduced pressure it is necessary to 
collect the distillate in fractions. Many ingenious forms of receiver lave 
been devised, so as to allow the collection of various fractions without 
breaking ti e vacuum. The best known of thesfe arrangements is the 
triangle apparatus shown in Fii. 12 When it is desired to change the 
receiver, the cock J is turned off, K is turned on, while the three-way 
cock L, is turned so that the receiver is put in communication with the 
outside air and not with the pump: meanwhile the distillate goes on 



Fig. it. Distillation under Reduced Pressure. 

collecting in A. The receiver|is now changed, the cock L is turned so 

that the receiver is once again put into communication with the pump. 

After a short time, the cock K is closed and J opened, so that the 

distillate in A flows down into the new receiver. 

8 Steam Distillation. —The process of steam distillation is employed 

for separating those substances which are appreciably volatile at 10b 

from non-volatile components of a mixture. The apparatus employed is 

shown in Fi-' 13. The mixture to be treated, along with some uater, 

is placed in a large-size, round-bottom flask F, heated on a sand-bath 

and connected to a condenser, C The flask is held in a sloping position 

,o that during the vigorous ebullition, which occurs, none of the mixture 

mav he thrown up into the tube leading to condenser Steam fromi t *e 

boiler B (which generally consists of a tin can provided with a safetj 

tube S'iis rapidly passed through the liquid in the flask: 

heating of P and F L controlled, so a, to keep the quantity of tho hqmd 
hearing u the case of an oilv liquid ora solid substance, the 

distillation should be continued for about 15 minutes after drops 

= bo ^stopped C when the 

H i“ S fl e epara a ted from the water by m»„» of a separating funnei (I*. 14): 
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if it is an insoluble solid, it is separated by filtration. If the substance 
is a soluble acid, the liquid is exactly neutralized with sodium carbo¬ 
nate, and the solution evaporated to dryness. From tl e pure salt, 
thus obtained, the acid may be recovered by distilling with sulphuric 
acid. The substances that are usually purified and separated by the 
process of steam-distillation are : aniline, brcmobenzene, ^-dibromoben- 
zene, essential oils, petroleum, turpentine oil, etc. 

Expt. 6. Fit up the arparatus s’own in Fig. 13 . Place some well powdered 
ajwa n made into a thin paste with water into the flask, F . Carry on the SLeam-distilla- 
tion of tae subs ance, until do more oily drops of ajwain oil pass over. Separate the 
•»il by means of a separating funnel 



The 


Fig. 13 . Apparatus for Steam Distillation 

Expt 7 - Carry ont the steam-distillation of the ol:o-of. tu rpcntine (ganda baroza). 
distillate consists of turpentine oil and water; the residue consists uf rosin . 

1 ?*i Pri / iel P ,e of Steam Distillation — Iu the process of steam distillation two 
s ? bstance V ake part :{,) water, and (ii) the substance whose separation is 
,rC u'- In ^ se lwo substan ces are mutually immiscible, tfe vapour pressure 
of each is unaffected by the presence of the other. W„en the mixture^^is boihC th! 

ST~ * ‘ ° ,th ' —elual'the 

J5 e sa me object is achieved as i n distillitio.i under reduced pressure »^ thfhim« n 
atmospheric pi e S ssufe eCte<1 at ° tempcrature ,ower ^an its actual b r oi’l/ng’ print^tthf 

-A-KSSa r“.S£iss";.sr_" 

soluble but which is not miscible with thefw*r bi ? *? m ? re readily 
solution of the substance 'in the, ir ? hqu ! d \ draw ing off the 

lattor The most" o“„,y used Tl^for thi? °" the 

though m certain cases carbon disulnhH* , pu 1 rpose 18 ©ther, 

abd benzene are also used ? 1 ’ P etr °l ei »m ether, chloroform, 

* i » 1 ■» • 
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rig. 14 Separating 

I* unn cl. 


A familiar example of ether extraction is 
that of aniline. Phis substance is prepared 
by the reduction of nitrobenzene, and is sep¬ 
arate 1 from t »e roa'tion mixturo by steam- 
distillation. I’he distillate separates into two 
layers; a Inver layer of aniline and an upper 
layer consisting of an aqueous solution of 
aniline, which also contains a quantity of 
aniline in the form of minute droplets that 
do not settle quickly (i.e. an emulsion). The 
lower layer can be separated by means of a 
separating funnel, and presents ho difficulty. 
To recover aniline from the aqueous layer, it 
is shaken up with ether, in which solvent 
aniline is much more soluble than in water, 
and the upuer ethereal solution of aniline is 
separated from the lower aqueous layer by 
means of a separating funnel- The lower 
aqueous layer is once again shaken with a 
li 1 e more of ether, and the ethereal layer 
again separated. Finally, aniline is recovered 
hy boiling off the ether. 


(2) Isolation of a Substance from a Solid Material. The more 

important examilrs of extraction of this type are : the extraction of 
alkaloids from leaves and bark of plants, of flavouring extracts from 
seeds, and of oils from crushed seeds and oil cake. 

The Soxhlef Extractor (Fig. 15>, which is irequcntly used in chemical 

laboratories for the extraction and estimation of fat or oil in a material 

i e g., oil seeds and oil cake». is a very convenient apparatus for this 
purpose. The pondered material is put into a thimble. T. male of stout 
filter paper, and placed inside the glass tube. G. The latter is provide.! 
with a svphon, .S. and a siJe tube. S.P. The length of tie thi nble 
should be such that it extends about 1 cm above the hi rhest point 
of the svphon tube. The amount of solvent taken in the boiling flask 
F should he H to 2 tines the volume of Gw p to the highest point of 
the svphon. The flask. F, is heated on a water or sand-bath, according 
to the nature of the solvent I he vapour of the solvent rises ti rough 
the Bile-tube up into the water-cooled condenser. C The condensate 
drops into the thimble, dissolves the substance and filters out into the 
spa-e between the thimble and the glass tube. As soon as tho liqui 
level in G roaches t he highest point of the syphon, the solution automa¬ 
tically flows back into tho boiling flask The process may bo continued 
for ns Ion" a time as necessary. At the end of t e operation, the 
solvent is boiled off and the isolated substance weighed, if necessary. 

Expt 8 Arrange th- Soxhlct extractor on a -water bath. In roduce a weighed 

petrol, and weigh the residual cocoanut oil. 

(1) Removal of Soluble Impurities from Mixtures TMs is of 

great importance in the purification of organic substances. The principle 
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Fig. 15. Soxh et Extractor. 


involved is similar to ( 2 ) except that the 
solvent extracts the impurities, leaving 
behind the desired substance in a more 
or less pure condition. Here as in (2), 
several extractions with small portions 
are more effective than a single extrac¬ 
tion with the whole of the given quantity 
of the solvent. 

II. Treatment with Animal Char¬ 
coal. —Animal' charcoal finds consider¬ 
able application in organic chemistry to 
free a colourless substance from coloured 
impurities, and also impuri.ies of a tarry 
character. The substance in the liquid 
state, or in solution in a suitable solvent, 
is boiled with the requisite quantity of 
animal charcoal and filtered. If the 
solvent used (or the substance itself, if 
liqui l) be immiscible with water the 
a imal charcoal, which is generally moist, 
is dried on a water bath before use. 

Expt. 9. Boil a solution of brown sugar in 
water tor a weak solution of magenta t with 
animal charcoal in a dish, and filter. Notice 
that the filtrate is colourless. 

12. Drying of Organic Substan¬ 
ces. —No organic substanco can be rognr- 
ded as pure if it contains even traoes of 
moisture. The drying cf starting mater¬ 
ials and of finished preparations is, 
therefore, an important part of organic 
practical work. 


Solid substances are dried in a number of w ays. If sufficiently stable, 
they may be dried in a steam— or air-oven, or by heating on a free flame. 
If unstable on heating, the substance is allowed to 
stand in the air, or, better still, in a vacuum 
desiccator (Fig. 16) containing a suitable drying 
agent. 

Before a solid substance is finally dried, as given 
above, the adhering moisture must be removed ( 1 ) 
by pressing it between folds of filter paper, ( 2 ) by 
pressing it on an unglazed procelain plate, or ( 3 ) by 
means ot a centrifuge (Fig. 4). 

Organic liquids, or solutions of organic solids 
and liquids in suitable solvents are dried by letting 
‘ the liquid stand in contact with a suitable drying 
agent. The drying agent employed in a particular Fig. 16 . Vacuum 
case must satisfy the following conditions :— Desiccator, 

. (1) , b f Practically insoluble in, and chemioally indifferent 

towards, the liquid to be dried : 

> 3 i.*c( 2 y .It must remove water efficiently, 

A list of suitable desiccating agents for different glasses Q&^gaxuc 
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substances is iriven below :— 


Substance 


Desiccating Agents 


i. 


Hydrocarbons and 
Ethers. 

Alcohols. 


3- 

4 

5- 

6. 


Anhydrous calcium chloride, metallic sodium, phosphorus 
p ntoxide. 

Quicklime, anhydrous potassium carbonate, anhydrous inug- 
ncs uin or sodium sulphate. 

Haloid Derivatives. Anliydroucalcium chloride, anhydrous magnesium sulphate 

or >oiiium sulphate. 

Anhydrous magnesium sulphate or sodium sulphate, anhy 
drous calcium chloride. 

Anhvdrous magnesium sulphate or sodium sulphate, phos¬ 
phorus p.nioxide 

Solid po.ass.um hydroxide, quicklime or soda-lime. 


Aldehydes and 

Ketones. 
Organic Acids. 


Organic Bases. 


As a rule, the si ent drying agent is separated before distilling off the 
dried liquid. If this point is not attended to, the hydrate of the salt 
produced during desiccation may be dissociated on heating and, hence, 
the liquid passing over remains moist. In the case of metallic sodium, 
phosphorus pento\i le and qnickli no the removal of the desiccating 
agent before distillation of the liquid is unnecessary, as the drying agent 
undergoes a chemical reaction with water to produce a stable, non¬ 
volatile product. 

A very easy and efficient method of drying organic liquids and solu¬ 
tions of organic substances in suitable solvents is based on the principle 
of steam-distillation. Thus, " hen moist aniline is distilled (Expt. 4), 
at first a few drops of a turbi 1 li qui l. consisting of a mixture of aniline 
and water, pass over ; then follows a clear distillate consisting of pure 
dry aniline. Again, when a solution of a moist organic substance in 
benzene is distilled, the first few drops consist of a mixture of benzene 
and water, the mixture distilling at a temperature lower than the boiling 
point of pure benzene (SO 0 0). After this, the benzene itself passes off. 
and the dry organic substance is left as a residue. 

13. Methods of Testing the Purity of a Substance. The following 
are the common methods for testing the purity of an organic substance: — 
(I) Melting point. The usual method for testing the purity of a solid 
organic substance is the determination of its melting point. This 

mavbe done in t wo different ways :— 

(i) If a comparatively large amount of the substance is available, 

about 20 grams of it are carefully heated in a wide test-tube, provided 
with a thermometer, and a ring stirrer When about three-quarters of 
the substance has melted, the burner is put out, and the liquid yell 
stirred. The thermometer is read every half minute. The temperature 
at which the mercury column remains stationary for - to i minutes 

is taken as the melting point of the, substance. . , , 

idnee the melting point is defined as t ie temperature at »Inch the 
liqui J and the solid form of a substance can exist side by side, it i. 
absolutely necessary that at the time of reading the thermometer 

bo, hi he solid and I he liquefied substances are presen.' a 
# m/ 7 »o mnsfant for a pretty Ion] period. Lt the whole oi 

substance happens to melt, so no more of the soli J substance must be 

stirred in, an/the lowest constant tempeature reached should be noted. 

Expt. 10. Using the apparatus described above determine the melting point of 
naphthalence or ortho-niirophenol. 
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ftt) In mo’t cases, however. the quantity of the substance available 
lor the melting-point determination is small. For tl.is reason, the 

usual method employed in chemical laboratories is as 
aJ follows : A small quantity of the substance is finely 

I: powdcre l and introduced into a capillary tube, dosed 

at one end. The capillary containing the substanco is 
then moistened with concentrated sulphuric acid, aim 
. y placed alongside a thermometer, suspended in a beaker 

containing concentrated sulphuric acid, in such a way 
that (a) the substance in it is at the name lovel as the 
^ |l * mi idle of the bulb of the thermometer, and (6) a little 

Tn more than half of the capillary stands above the 

|| surface of the liquid (Fig. 17). This latter arrango- 

^ II 7y — — ment makes the tube cling to the thermometer by 

:: capillary attraction. 

” The acid in the beaker is now heated with a small 

M .".’.1511 .! ^ tiame, and constantly stirred with a curved stirrer 

made of t in glass rod, the substance and the thermo* 
meter being closely watched all the time. The moment 
11 the substance melts and becomes transparent, the 

| | te nperature indicated on the thermometer is recorded. 

J The experiment s .oul 1 l e repeated, using a fresh 

tube and fresh substance. 

Fig. 17. A pure solid has a perfectly definite and sharp 

Determiaation of melting point. Hence : 

Melting po.m. (t) If the given compound does not melt sharply, 

it should be taken as impure. 

(*t) If the identity of the given compound is known, its melting 
point is determined experimentally and compared with the true 
raelti.ig point, a3 given in tables of physical constants. If the two 
values agreir, the given compound may be taken as pure. If however, the 

melting poi .t of the compound is found to be lower, it is evidently 
impure 

(ui) If the identity of the compound is not known, the melting 
point of the specimen is first determined. It is then recrystallized 
from a suitable solvent, and the melting point determi led onoe a*ain 
If there occurs no change in the melti ,g poi .t, the compound may 

be taken as pure But if the second melting point be higher than the 
first the compound is impure. 

Expk II. Using concentrate sulphuric acid or clycerire bath determine 
mdtmspomt of urea (.3*°). iodoform (.. 9 ») or meta-d.nit.o benzene «,o«T s onld 
the sulphuric ac t d ot tl.e bath luin dark durinc the ev erim it Z. ' 9 Z >m ^ . 

colourless by adding a drop of concentrated nitric acid or a crystal of sodium aTttTe 
(2) Boiling Point. In order to decide whether a viven liouiri 

? h 

ii the liauid in pure, the whole of it wmii \ /»; < v ri g* p. v). 

&o r n!the f ii°Sid‘istmp r ure and ' "" b ° iling 'i* “"during 

bo carefully r aTtonde d" o '** Jetermmatlon > the following points must 

(«) Tne bulb of the thermometer should be wholly surrounded by 


is ae 


Fig. *7- 

Determination of 
Melting po.ni. 






•20 


[Chap. 3. 


SYSTEMATIC ORGANIC CHEMISTRY 


most conclusive test for ni rogen. A freshly cut, small piece of sodium 
»s mcl:ed i.i a hard-glass Us.-mbe; a s nail amount of ..he substance is 
then a Med on to the m >1 en me.al. and .he mir.ure is gra lually raised 
to a red hea . Un ler .hes-> c »n liti ms, the ni rogen and the carbon of 
the compound c nnhine win s dium .o f irm s ilium cyanide : 


Na 4- C 


X 


-» Na.CN 

The tube, while s ill ii >•, is plunged in o s >.ne dis illed wa'cr in an 
evapora ing lasin. The liqui 1 is h« ih d, filiered, and les.ed f r cyanide 
radical as f< »11 »ws : — 

Iis rcac.i >n towards li mu.; paper is find no.ed. which sh' ul l he 
alkaline , owing to the f rma'.ion of sodium hydroxide by the ac ion 
«.f water on the excess of s tdiuin. I he alkaline solution is warmed with 
a few drops of ferrous sulpha e and a li,.le ferric chi ride, and rendered 
acidic wi h c-neentrared hydrochloric acid. The f rrnation of a blue 
precipi a e, or a green col »ra i <n. proves the presence of a cyanide in 
the solu i m. and. therefore, of nitrogen in the giwn organic compound. 

The evplana i in in (he above teat for cyanide is that ferrous hydro¬ 
xide, pro luced by the action of sodium hydroxide on ihe ferrous salt 
reacts with the cyanide to produce sodium terrocyanide. 

* FeS0 4 +2Na0H Fe(OH)„-f Na 2 S0 4 

Fe(OH) 3 -f CNaCN 2NaOH+Na 4 lPe(CXU. 

which wi h the ferric salt, gives a precipitate oi Prussian blue when <h«* 
solution is acidified : 


4FeCl 3 +3Na 4 lFc(CN) 0 ] -> Fe 4 [F. (CN) 12NaCl 

Expt. 2. Lassaignc's Test. Take a bright pi.ee of sodium in a 3-inch test-tube 
of liaid glass and add a small quantity of urea. Heat the tube gradually, and finally 
raise the temperature to bright redtess. Bjcak the hot tube in about 10 c.c. of distilled 
water contained in a dir-h. Stir up the liquid wi.h a glass rod and fit er. To tr.e 
filtrate add a lew drops of fer.ous sulphate solu.ion and a drop or two of ferric chlo¬ 
ride. If the liquid te alkaline, a green precipitate of ferrous hydroxide will be 
pn duced at tui» stage. If n" precipitate is fjrmel, make the liquid alkaline with 
sodium hydroxide solution. Heat to boiling ai.d then acidify wit 1 h>dr< chloric acid 
Formation of a blue precipitate or a green colorat.on proves the presence i,f nitrogen .n 
I he substance. 


(2) Soda-lime Test. In a comparatively small number of nitroge¬ 
nous substances, the presence of nitrogen can be detected by heating the 
substance with so la-lime. If ammonia is evolved, the presence of ni rogen 
in the substance is proved. Should, however, the test be negative, it 
Joes no' prove the absence of nitrogen. Ni-ro-compounds, for instance, 
Jo no*, respond to this test. 

Expt. 3. Soda-lime Test. Heat some urea with soda-lime in the test-tube. Test 
the evolved giis lor amm-nia with l.tm..s or turmeric paper, show that no ammonia 
is evolved w-.en dinitrobenzene is heated with soda-lime. 

5 Detection of Sulphur.—(1) Lassaignes Test. This is applied in 
exactly the same manner as for nitrogen. The sulphur is converted into 
sodium sulphide, which is detected as given in Expt. 4. 


Exot- 4 . Fuse thio-urea or sulphanilic acid with metallic sodium as in Expt. 2 
the fined mass wish wa'er, and filter. Test the filtrate as follows: (!) To a 

1 reshly prepared solution of sodium nitro-nrussiile ; transient, beautiful 
(u) Place a drop of it on a silver coin; black stain of Ag 2 S. (*««; 
with acetic acid, and add lead acetate ; a heavy black ppt. or a 


Ex traci 
drops add a 
violet coloration. 

Ack-ify a few drops 

dark coloration. , . . , 

(2) Oxidation to Sulphuric Acid 
do not respond to Lassaigne’s Test 


Readily volatile substances usually 
‘1 hey are healed at 200° to 30U°C 
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with fuming nitric acid in a “bomb tube” (:<ee Sec. G, O.iap. 4). Under 
these conditions, sulphur gets oxidized to sulphuric acid, the formation 
of which is detected by the barium chloride test. • 

6. Detection of Halogens. — (1) Beilstein’s Test. By this test the 
presence of a halogen in an organic substance can be detected very 
quickly and conveniently. A piece of copper wire is heated in the 
oxidizing flame until it ceases to impart a green colour to flame. It is 
then taken out of the flame, and a minute particle of the substance 
containing halogen is placed on it. The heating in the flame is repeated. 
At first a luminous flame may be produced, owing to the burning of 
•carbon. This is soon followed by a green, or bluish green, colora' ion, 
owing to the vaporiza ion of the cupric halide. 

Beilstein’s test, though very simple and delicate, cannot be applied 
in the presence of acids and traces of metallic halides. It is also given 
by certain compounds containing no halogen, e.g., urea, volatile cupric 
cyanide being produced in this particular case. Further, the test does 
not differentiate the halogens. In case of doubt, or when it is desired 
to identify the halogen present, apply the following test. 

Expt. 5. Beilstein’s Test. Show by means of thi« test that cane sugar contains- 
no halogen. Furt; er. show that the test is positive when urea (a lonipoun.i contain¬ 
ing no halogen) is employed. 

i2» Lassaigne’s Test. In this test substance is heated with sodium as 
in the detection of nitrogen. The fused mass is extracted with water and 
the solution fiLered. The filtrate is strcngly atidified with nitric acid and 
boiled so as to decompose the cyani le or sulphide, if present. Silver 
nitrate is the i a Me 1 ; a oreci )itate of silver cldori le (white), bromide 
(pale yellow) or iodide (yellow) shows the presence of chlorine, bromine 
or iodine in the substance under examination. 

The necessity of boiling the filtrate with nitric acid arises out of the 
fact t! at if the substance contains r.itro; en or sulphur, sodium cyanide 
or sulphite is formed. The former gives with silver nitrate a white and 
the latter a black precipitate. 


6 ;J-^saigie’s test. U;ing Las^aigne’s t sts A o v t iat chloroaniline ( <<r quinine 

Sr ,* t * ,o ** n - n - : ?. «•■»* *••<= i «cip««t e f o„, . d 

u d \ f 1 , 1 e -<P°suiC!o licht. and is readily so.uble in cold dilute 

•ammonia. H nee, the | alogen present is chlorine. 

>rTJm*!? ete K C i ,0n ° f Pbo *P horus -— T lie presence of phosnhorus in an 

•dtrie LiH bdt ^ nCe ° an bS dc . ter,nincd b Y heating it with (a) fuming 
ntne acid under pressure, (6) sodium peroxide, or (c) a mixture of 

sodium carbonate, and nitrate. The phosphorus is thus oxidi^d to 

WMch is "ith ammonium 

subatam^ the* latter l 

" tt 1 u SU L h meth d „d: 

^ QUESTIONS 

Ui=’? HOW W<,U,d y “ U kUOW » heth " * sivm compound k „r R anic or iuor- 

r y °" PrOV ' ‘ hat '«*' *» • compound'of 

{Uned Prov . Inter., i^ 2 jy 


aui 


. _ TC i s ps U i Hi. utrstf i t e ~ T• ow ~yurr^rcTUTQ proceed to ce*ect me 

presence of C, H. N, and Cl. Explain as far as possible, the reactions invclved in the 
process. (Benare-, It.ter., 1926.) 

6. Describe in detail, piving Jormulae and equat ons. how to detect nitrogen in 
a compound. (Unit'd Prov. Inter., 1935) 




QUANTITATIVE ELEMENTARY ANALYSIS 


I. The quantitative estimation of various elements in an organic 
substance is known as quantitative elementary analysis. The following] 
methods are in use for the estimation of elements. • , 

25 s1 Estimation of Carbon and Hydrogen.—Liebig’s Method. These 
two elements are always estimated in one operation, known as “combus¬ 
tion”. A weighed amount (about 0*2 gm.) of the substance is heated with • 
cupric oxide in a stream of oxygen, free from carbon dioxide and water 
vapour. The carbon contained in the substance is thereby burnt to carbon’ 
dioxide, and the hydrogen to water. The gaseous products of combus- 
tion are passed through (i) a U-tube filled with anhydrous calcium chloride 
which absorbs water vapour, and (ii) potish bulbs containing a strong 

solution of caustic potash, which absorbs carbon dioxide. The increase 


- • « . * * - - —--- a 1 I 1 VI cucu 

in weight of (t) multiplied 1 by gives the amount of hydrogen and 
the increase in weight of (it) multiplied 1 by -J* gives the amount of 


* • . I . y \ f - 1 4 4 5 *’VO Vitv amuuiiu 

carbon m the substance analysed. 

a COmple . te , set ’ u P apparatus for the estimation of carbon 

zVzkz™ z : h °z in Fig - *• The vario, ' s parts ° f tha a pp arat - 



/I f m 1 ? >:nplete Apparat JS Ior t ie E *t! w :o . of Carbo > and Hydrogen. 

* * Aw °S la ** reservoirs, one containing oxygen and the other air. 
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(•J) A bubbler eontaini.iu a few drons of concentrated sulphur ic acid, 
which serves to show the rate n' which the air or oxygen is being passed 
through the aoparatus. 

(4) I he combustion tube, pioperly filled (as shown in detail in Fig. 2) 
*nd placed in a combustion furnace. 

[5) Calcium chlori h* U-t-ube for catching the water produced duiing 
the combustion of the substance 



Fig. 3. Absor t.«>n Apparatus and Guard-tube. 

(«) Potash bulbs eontai linsr a concentrated solution of potassium 
hydroxide, for absor' inti the carbon dioxide produced. 

(7) A Guard-t.d e containing carium chloride, which serves to protect 
the abso ptiin apparatus from atmospheric moisture. « . 

The partw (A),(6;, and (7) oftheappara us are shown in detail it tig 
The nvTiod of crlc ilaiitn will he <1 ar from the following example. 
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oil ion, 0 '210 gm. of an organic 

and 0 127 gm. of water. » 
n the compound 1 
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Wt. of carbon in 0 307 gm. of CO* == 0 

• 12 100 _ 70*0 

/. Percentage of carbon = 0 307 ^ -210 — 

Wt. of hydrogen in 0127 gm. H z O = 0127 X t 2 ff gm. 

— ^ 100 

/ .'. Percentage of hydrogen = 0 127 x j^X q^jTq ~ 

^ Estimation of Oxygen -There is no direct method for the 
estimation of this element. Its amount in an organic substance is alway 
found by difference. (See Sec. 3, Chap. 3). 
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4. Estimation of Nitrogen—There aro two different mcthods .ia 
general use for the estimation of this element— 














ecomposing any oxides of nitrogen formed by passing the gases over 
a beared spiral < f bright metallic copper, and collecting the nitrogen, 
over a strong solution of potassium hydroxide, which serves to absorb 
the carbon dioxide produced. From the volume of dry nitrogen, 
reduced to N.T P., the weight of the gas is calculated. 

The apparatus employed in this method is shown in Fig 4 It 
consists of :— 

(t) a combustion tube open at both ends, 

(»t) a CO., generator, which generally consists of a hard glass 
tube charged with sodium bicarbonate, 

(ui) a nitrometer, which consists of a graduated glass tube, pro¬ 
vided at the top with a funnel and a tap, and at the base with a mer¬ 
cury trap and a levelling bulb, 

(tt) a “bubbler,” i.e., a small size gas-washing bottle containing 
some concentrated sulphuric acid, which is interposed between the 
CO., generator ar.d the combustion tube, and serves to show the rate 
at which the gas is passing. 

Example 2. 0 1^8 gm. of an organic compound gave , on combustion, 

31 8 ml. of moist nitrogen measured at 14°0 and 758 mm. pressure. 
What is the percentage of ni’rogen in the compound ? (Aquerms tension* 

at 14°C = 12mrn.) 

Volume of dry nit rogen reduced to N T.P. 

o,. D 273 758-12 , „ . 

~ 3 8 X 273-}- 14 X 760 ml - 29 ' 7ml 

Now, 22 4 litres of nitrogen at N.T.P. weigh 28 grams. 

Weight of 29 7 ml of nitrogen at N.T.P. 

= 28 x -~ 7 — =0 0371 gm. 

22 4x1000 

Percentage of nitrogen in the compound 

=0-0371 x-i— = 19 7. 

0 188 

(2 ) Kjeldahl’s Method. This method consists in heating a 
known weight (about 0'5 gm.) of (he substance with concentrated sul¬ 
phuric acid and postassium sulphate in a long-necked, round bottom 
flask of resistance glass, -4 (Fig. 5 . The potassium sulphate serves to 
raise the boiling point of the liquid, and thus facilitates the oxidation 
of the substance by sulphuric acid. U.ider these conditions, carbon and 
hydrogen of the substance get oxidized to carbon dioxide and water 
respectively,while the nitrogen is converted into ammonift7 which 
combines with the excess of the acid present to form ammonium 
sulphate. After the reaction is over (indicated by the dark coloured 
reaction mixture going colourless), the mixture is distilled with an 
excess of sodium hydroxide solution and the ammonia set free is 
estimated by absorbing it in a measured excess of a standard acid 
(Fig. 5, B). The excess of the acid in conical flask is then titrated 
A\ith N/10 sodium hydroxide, using methyl orange as indicator 

The method of calculating the result will be clear from the 
following example :— 




14 0 ml. of N/10 NaOH are equivalent to 14 0 ml. of N/10 H 2 S0 4 . 
Volume cf N/JO H 2 SO 4 neutralized by ammonia 

=50-14 0 ml.=36 0 ml. 

v 36 0 ml. of N/10 H 2 S0 4 EI 36 0 ml. of N/10 NH 4 0H. 

Now, 1 litre of normal NH 4 OH contains 14 gm. of combined nitrogen— 
Weight of nitrogen contained i i 36'0 ml. of N/10 NH 4 OH 

= 14 X x fro°o" m ■ =0 0504 gm • 

Hence, the percentage of nitrogen in the substance 

= 0 0504 x™r" 4 - 

5. Estimation of Halogens (Carius* Method'.—The estimation of a 
halogen by this method is carried out by heating the substance with 
fuming nitric acid in the presence of a few crystals of silver nitrate in 
a sealed tube Carbon aid hydrogen are oxidized to carbon dioxide and. 






» 9 




Pig. 5. Kjcldahl’s Method for the Estimation of Nitrogen. 

water while the halogen forms silver halide, which is collect 
ea, washed, dried and weighed. 

The estimation is earri.d out in a “bomb tube 


. , T -- oui in a uoiuu ruoe —a 

®?!° ,al Jen A \ glas l ^ be with thick walls to withstand 

and qK 6 '+ a out a gram of pow'dered silver nitrate Pig. 6. Cariu* 

Placed in th“V u f PUre , fu “ in K nitric ach? (sp. gr. 1‘5) are Tube. 

isccuratelv weicrhl/ and , . thei J a ?^all narrow tost tube containing an 
y o d quantity (about 0 2 gm.) oi >he substft ice is aUowed. 
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to slide down into the inclined bomb tube. The test-tube will stand 
in the acid with its open end clear i Fig. 6 ). The upper end of the 
bomb tube is then cart fully sealed oft', aid the tube is wrapped in 
asbestos paper and heated in a bomb fun ace (Fig. 7) at 150" — 200°C 
tor about 6 hours. When the furnace is quite cold, the capillary end of 
tube is carefully opened, and the contents washed out into a beaker by 
means of distilled water. The precipitate of silver halide is separated, 
driid, and weighed. 

Example 4 0 369 gm of a -ubManc* gave 0 .568 gm. of AgBr Find 

the percentage of bromine in the substance. 

Since molecular weight of silver bromide, AgBr, is 1084-801 or 188, 188 
parts of the salt contain 80 parts of bromine. 

.'. Quantity of bromine in 0-568 gm. of AgBr 

80 

=0*568 X jgggm 

Hence the percentage of bronri: e in the substance 

6 Estimation of Sulphur and Phosphorus (Carius* Method).— 

The estimation of these two ele¬ 
ment* is carried out in a manner 
similar to that employed in the 
case of halogens, but without 
thjallition of silver nitrate. 
Sulphur and phosphorus get 
ijrsdized t^ sulphuric aci l and 
hoosphoric am 1 respectively. 
Th *se are estimated as barium 
dulphat** and ammonium phos- 
p’.iomolybdate as in i rorganic 
analysis. 



Fig, 7. Bomb Furnce.r 


QUESTIONS 


for neutralization. Calculate the molecular weifch. tne . C ,H.O s ) 

How would you estimate the 

01475 gram o'a sutstance containing of P N ? IO alzali for exact neutralization. 
HC 1 and the excess of the acid required 5-nU N/»o aUan ^ fn(er , 9JJ .) 

Calculate the percentage of nur t en in the substance. 

,A "‘ 3 . U;?Ua.e the perceutage of nitrogen estimated by Kieldahl'. method from 

the following data : ,^-n-r.nosf d and distilled with caustic soda and 

. ‘ nor malAwdrochloric aci J. The acid then required 

^„S:"oTd.«l caustic soda solution for neutral.~t.on. ^, S) 

' A \ 'oll’rL of au organic subs a.ee contarn^ “fo^amnTouium sufph^te^The 
way that ihe whole of its nitrogen f s *Tonz caustic soda solution, and 

SStfJV-.. °< -ifhurtc ned 






Questions.) QUANTITATIVE ANALYSIS 

solution. The whole of • his partially neutralized acid was then made up to 300 
25 ml. of the latter solution rcjuired for neutralisation 15 ml of N m cai 
saca solution, rind the percentage of nitrogen in the compound. 

(Na=23; S= 32; Cl^ 35 5). 

2 3 j°») ^ 'titled Prov., Inter., / 

3. Explain Carius’ method as applied in quanritative analysis of or** 
1 n.upoiitK s What elements may bt- estimated by this method ? 
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CHAPTER 5 


DETERMINATION OF EMPIRICAL AND MOLECULAR 

FORMULA? 


I. Calculation of Empirical Formula —From the percentage 

•composition of the substance, deter/nine 1 as given in the last chapter, 
the empirical formula, which is the simplest expression of the ratio 
ol the atoms of different elements present in the molecule is calculated 
as follows :— 

(1) The percentage of each element is divided by its atomic 
weight to get the relative number of atoms of the various elements 
present. 

(2) The quotients thus obtained are then simplified by dividing 
them by the lowest value. 

(3) The figures obtained either already are, or may be reduced to, 
whole numbers, which express the simplest ratio of atoms of the 
various elements present. 


% 


Example I. The analysis of a substance containing carbon, hydrogen 
and oxygen, gave the foliowing results: — 

C — 08 - 84 %-, H =d y 2 %; and O by difference = 26' 24 % 

Calculate the empirical formula. 

Dividing the percentage of each element by i ts atomic weight, 
we get the atomic ratio : 


C= 68 84 =5 74 

12 


H=-L? 2 - =4 92 

1 

o^ae-24 = i64 

16 


Dividing by the smallest number, 164, we get the simplest atomic 
ratio : C = 3 5, H=3, 0 = 1. Hence the empirical formula of the 

substance is C 7 H„0 2 . 

2. Determination of Molecular Formula —To determine the 
molecular formula of a substance we must know: (1) the empirical 
formula, and (2) the molecular weight. The molecular weight is 
divided by the empiiical formula weight to eet the nearest whole 
number. The empii ical formula is then multiplied by this number to 

get the molecular formula. , . xl . . , f 

To take a specific example, analysis shows the empirical formula 

of acetic acid to be CH.,0. Its molecular weight is found to be W. 
We have, 

(CH a O)* =60 ; whence n=2. 

The molecular formula of acetic acid is therefore, (CH,0)* or 


2 h,o 


The^molecular wei ,'hts of organic compounds are almost invariably 
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3. Molecular Weights of Volatile Substances. —From Avogadro’s 
hypothesis it follows that equal volumes of different ga3e3 or vapours 
under similar conditions of temperature and pressure possess weights 
in the ratio of their molecular weights (since the number of molecules 
in each case is the same). Conversely, a gram-molecule, (i.e. the mole- 
oular weight expressed in prams) of any gas or vapour must occupy 
'he same volume under similar conditions of temperature and pressure. 
The volume occupied by a gram-molecule of a gas at N.T.P. is termed 
•he gram-molecular volume iG.M.V.), and is found to be equal to 22 4 
ttres. This relation is made une of for the determination of molecular 
•eights of gases and volatile substances. Another relation that is 
mployed for the molecular weight determination of a substance in 
he gaseous state is the following : 


Mol. Wt. = Vapour Density x 2. 

4 Victor Meyer's Method.— In this method, a known weight 
the substance is allowed to vaporize very rapidly. The vapour 
isplaces its own volume of air which is collected over water, and 
easured under the atmospheiic conditions of temperature and pressure. 

— The apparatus employed is .shown i.j Fig 1. 

The inner tube A, is thoroughly cleaned and dried, 
and an asbestos pad, ora little sand, is put at its 
bottom It is then placed »n the other tube B, con- 
taming a liquid the boiling point of which is at least 
20 u higher than that of the sub>tar,ce whose molecu- 
lar weight is to be determined. The inner tube is 
corked, the end of the delivery-tube is immersed 
under water, and the liquid in the outer tube is 
boiled. When th-« temperature has become constant 
(i.e , when no more air bubbles escape from the deli¬ 
very-tube), a graduated tube G, filled with «<*ter 
is invertod over the end of the delivery-tube as 
pho wn in the figure. The cork is then momentarily 
removed, and a tiny stoppered bottle containing a 

" e ' gh , ed “ mo “ nt lO-l—0 3 gm.) of the tubstance is 
introduced Since the temperature imido the tube 

is higher than the boiling joint of the substance, 

the latter vaporizes rapidly, and blows the stopper 

tube dJ- ny -. ° f C - The Va P° ur rising up the 
tube, drives its own volume of air into the 

measuring tube The suddenness of vaporization 

And the shape of the tube are responsible for the 

t*n^ Cement ° fair by the va P uUr of the subs- 

The measuring tube is now levelled in a hydro- 

3&r + c ? at « 1 u lng wat3r > and the volume of the 
! 8 no J ed - The temperature of the water in 

record'd^ ^ barom<tric Pressure are also 
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it/ oit x- 


beintj 766 rum. Calculate the molecular weight of chloroform (Aq 
tension at 2‘2 n C=20 mm.) 

Baiomctiic pressure=.755 mm. 

Aqu« ous tt-rifion at 22°= 20 mm. 

Pressure of dry air = 735 mm. 

Volume of drv air reduced to N T P. 

V * , 

273x7:t5 , , 

=--30‘5x - _ . ml.=27 2 ml 

295x 700 

Hence, 0146 gm. o»'chloroform, when in the state of vapour, would 
occupy 27*2 ml. at N.T P. Therefore, th? weight or the substance that 
would occupy 22 4 litre's at N.T.P. 

=0 14«x 22 i’i 1 i! 00 gra. = 120gm 

272 

Molecular weight of chloroforms 120. 

5. Molecular Weights of Non-Volatile Substances —It is of course 
impossible to determine the molecular weight cf a ncn-volotilc substance 
(such as cane sugar) by Victor Miytr’s nuthed. In such a case the 
following two methods are g m rally us- d. One cf these mi theds involves 
the d t;rmina»tion cf the depression of the freezing-point, and Ihe cthei 
the elevation of the boiling point, cf a pure sol vent.caused by a given 
weight of the substance. 

6 Freezing Point Method - This method is based on the fact, that 
eaui molecular quantities of dff^r, nt so>ute< dissolved in a givn quantity oj 
the same solvent ■produce t> e same depress,on in the freezing-point. 

The depression of the freezing-point produced by dissolving a gram 
molecule of any non elect rclyte in U 0 grams of a givjn solvent 
the mc-leculardepn ssion of the solve nt and ir derot d by K . Ect\, sme 
the d >pr, ssion of the freezing point is proport icnal to the qu< ntit> of tl 
solute 1 pr sent, if we dot rminc experime. tally the d« pre sue n A» Pro¬ 
duced bv 5 grams of the solute dissolved in 10u grams of the solvent, vv 
ean reedily-alculatethe molecular weight. .1/. of the solute from the 

relation : 

M = K 

* A 

The following table gives the freez eg peirle of a few common solvei.tr 
and the values of AT, as determined experimentally: 


Solvent 


Freezing-points Molecular depression (A) 


Water 
Acetic acid 
Benzol 
Phenol 


0 C 
17°G 
tv G 
40 C 


19 

39 

52 

75 


Example 3. ana f d rTo'3if-°'e 1 ald 

qm. of benzine. The depression of the freezi g p 
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0 452°C , respectively. What was the molecular weight of the substance ? 
The molecular lowering of freezing-point of benzene is 50° C. 

If M is the molecular weight of the substance, we have 

M = JT 

8 A 

where A is the depression of the freezing-point produced by s gm. of the 
substance dissolved in 100 gm. of the solvent. In the first experiment 

s = 2‘167 gm. 

K = 50 
A = 0-348°. 

Substituting these values in the above formula we get: 

M=r. 50 X216 - = 311 
0348 

Similarly, from the second experiment we have 

M = 50x2 ' 833 =313. 

0 452 

Hence, the mean value of the molecular weight of the two 
experiments = 312. 

7. Boiling-point Method. —As in the case of depression of 
freezing-point, it can be shown that equimolecular quantities of different 
solutes dissolved in a given quantity of the same solvent produce the same 
elevation of the boiling-point. 

If M is the molecular weight of the substance, s the quantity of 
it in grams dissolved in 100 grams of the solvent, K the molecular 
elevation of the solvent (i.e., the elevation of the boiling-point produced 
by dissolving a gram-molecule of any non-electrolyte in 100 gm. of 
the solvent), and A the observed elevation of the boiling-point, we 
have, as before : 

M __ K 

* “ A 

The following table gives the boiling-points and molecular elevation 
of the solvents ordinarily <lused : 


Solvent 

Boiling-point 

1 K 

Water 

• • 

100°C 

5-2 
11-5 
21 1 
260 
36-6 
17-2 

Ethyl alcohol 

% * 

780 

Ether 


j 356 ! 

Benzene 

Chloroform 

Acetone 

• 9 

• • 

• • 

804 

! 610 1 

1 56-3 i 


Example 4. 0 562 gm. 

dissolved . in 127 gm. of 
boiling-point of the solvent 
of the substance. 

The quantity, 5 , of the 
disulphide 


of a carefully purified substance when 

>™ r n°? ei > dlSU J; P T td f ( K = 23'7) raised the 
y 0 784 . Calculate the molecular weight 

substance present in 100 gm. of carbon 


0 562x100 

— gm 


12*7 


= 442 


gm. 
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K for carbon disulphide = 23 7. 

Elevation of the boiliug-point, caused by 4 42 gm. of the 

substance dissolved in 100 gm. of carbon disulphide 

=0 784°. 

If M is the molecular weight of the substance we have 

M _ K 

* “A 

23-7x4-42 

0-784 - | 34. 

8. Determination of Molecular Formula by Chemical 
Methods. Excepting the method given below for the determination 
of molecular weight of a gaseous hydrocarbon, no purely chemical 
method is known by which the molecular weight of a substance can 
be established with certainty ; all that we might do is to obtain 
information respecting the minimum value of the molecular weight 
or its reacting weight The following arc some important cases where 
chemical methods are helpful :— 

(1) Gaseous Hydrocarbons. The molecutar formula of a 
gaseous hydrocarbon can he determined as follows, no previous 
quantitative elementary analysis being necessary : 

(i) A known volume of the gas enclosed in an eudiometer tubers 
mixed with a known excess of oxygen, and the mixture exploded. 
Carbon and hvdrogen of the hydrocarbon burn to produce carbon 
dioxide and water vapour. The residual gas is allowed to cool, in order 
permit the condensation of water vapour, and then its volume is noted 
1 (it) 4 strong solution of potassium hydroxide is now introduced 
into the eudiometer tube, which absorbs the carbon dioxide. When 
the absorption is complete, the volume of the gas (unused oxygon) ,s 

ag Tromthe volume of carbon dioxide produced from one volume of 
th e hydrocarbon the number of carbon atoms in the molecule of 
the hydrocarbon is calculated with the help of Avogadro s hypothesis. 
The number of hydrogen atoms in the molecule is then found from 

the amount of oxygen used up in the production of water. 

Example5 10 ml. of a gaseous hydrocarbon and 4o , 

°*r n tnn a2 d Z*ni H 

the composition of the hydrocarbon . \ J 

Volume of the hydrocarbon taken = 10 ml. 

>> >> 99 CO., produced — do lo or 20 nil. 

>> ” ” O.. used up = 15 or 30 ml. 

We see that 1 volume of the hydrocarbon gives 

LI hydtocarbo^gives 2 moiecules” of CO,. It. therefore, contains 

two atoms of carbon bon ij( oxidized by 30/10 or 3 volumes 

One volung tlm hjdjoea hypothcll|Si one molecule of the 

ntt'ha^been used up for oxidizing the two 


on oxidation 
1 molecule of 
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atoms of carbon present, in the molecule and the remaining I moleeule 
to burn the hydrogen to water. Now, one molecule of oxygen can 
oxidize two molecules of hydrogen to water. 

2H S + 0 2 2H z O 

Hence, a molecule of the hydrocarbon contains four atoms of hydrogen. 

' Formula of the hydrocarbon is C„H 4 . 

*(2) Organic Acids. There exists the following relation between 
the molecular weight of an acid, its equivalent weight and basicity : 

Mol. Wt. = Eq. Wt. x Basicity. 

Hence, the determination of the molecular weight of an acid involves 
the determination of (<i its basicity, and (**) its equivalent weight. 
The basicity of an organic acid may be found by a study of its salts 
and esters. Thus, acetic acid gives rise to only one series of salts <»nd 
esters. It must, therefore, in all probability, be a monobasic acid. 
Tartaric acid fomis two potassium salts, a normal potassium tartrate 
and an acid potassium s*lt. It appears, therefore, to be dibasic. 

The equivalent weight of an organic acid may be determined either 
volumetricallj' or gravimetrically. In the volumetric method a 
suitable known weight of the acid is titrated against standard barium 
hydroxide, using phenolphthalein as the indicator. The result is 
calculated as in Example 7 given below. 

The gravimetric method for the determination of the equivalent 
weight of an acid involves the preparation of a pure sample of its silver, 
calcium or barium salt. The salt is then analysed to find the amount 
of the metal contained in a given weight of it. Silver salts are preferred 
for the equivalent weight determination, as th*-y can be readily obtai¬ 
ned pure and anhydrous, and are easily decomposed by beat to give 
metallic silver. A suitable quantity of the acid is dissolved in a slight 
excess of dilute ammonia. The excess of ammonia is then boiled off 
and to the neutral solution thus obtained is added a slight excess of silver 
nitrate The precipitate of the silver salt is washed and dried. A 
known weight of the salt is then carefully heated in a crucible so as to 
decompose it until a constant weight is obtained. From the weight of 
silver Balt taken and that of silver left behind the equivalent weight of 
the acid is calculated as in Example 6 given below. 

Example 6. On combustion, 0 20 gram of a dibasic organic acid gave 
0-040 gram of water and 0 195 gram of carbon dioxide. It contained no 
nitrogen. When 0 500 gram of its silver salt was ignited, it gave a reiidue 
of 0 355 gram of metallic silver. Find the empirical and molecular 
formulae of the acid. ( Punjab , Inter., 1944) 

Empirical formula of the acid calculated as in Example 1, comes toCHO a . 

The Equivalent weight of the silver salt = x 108 =152 

0‘355 


Hence, the Equiualent weight of the acid = 152 — 108+1 = 45. 

And since the acid is dibasic, the molecular weight is 90, which 
is twice the empirical formula weight. Hence, the molecular formula 
of the acid is C 2 H 2 0 4 . 


Example 7. An organic monobasic acid gave the following combus- 
turn data :— 

0100 gm. gave 0 2525 gm.ofC0 3 and 0 0432 qm. of H O 0-122 
gm. of the acid required 10 ml. of N/10 barium 9 hydLi& solutiJn 
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for neutralisatioji. What is the formula of 


the acid ? 

( Punjab , Inter , 1931) 
The percentage composition of the given acid is : 

C = 0*2525 xlfx or 68-9 


44 0-100 


H = 0-0432 x r. X 


100 


or 4*8 


we 


18 O-lOO 
O = 100-(68-9+4-8) = 26-3. 

Dividing the percentage of each element by its atomic weight, 
get the atomic ratio : 


08-9 


4-8 


C = or 5-74; H = V or 4 8; O = 


26-3 


or 1*65: 


12-- “ 1-- “ 16 

Dividing by the smallest figure, 165, we get the simplest atomic 

Tatl ° ‘ C = 3 48, H = 2 91, 0=1. 

Hence, the empirical formula of acid is C 7 H 0 O a . 

Empirical formula weight = 84-1-6 + 32 or 122. 

Now, quantity of the acid neutralized by 10 ml. of N/10 Ra- 

(OH) s Q u ® nt j t ® Q f t ], e acid neutralized by a litre of normal 

Ba(OH) , solution, i.e., the equivalent weight of the acid 

= 0 122 x 100 x 10 or 122. 

Sin-e the acid is monobasic, its molecular weight is 122, winch, 
as we have seen above, is also its empirical formula weight. Hence 

the molecular formula of the acid is C 7 H*0 2 . 

As the acid is monobasic, and contains therefore onl> one 
carboxyl group, its constitutional formula must be UWli 

,, SSTpaTSkhiSuS 

and C B" b replese'nt ’on^Violccule of ‘the monacid and the di-ac.d has,. 

^ d i5n,/ r.antiouelv heated, the platinichlorides d. com] ose, leaving a 
On being < ... • , • Since the atomic weight of platinum 

.tse 

bLe^s "known? its’ 5 molecular weight can be calculated as in the 

f0,1 E«mpieT ,k .d monacid organic ban gave the following results on 

aml ofoOfm. gore 

°0 2 400 Trn. 7o. i^rid^Uo^ition, 0 ,2 5 gm of rrUUinum^ 
U'hat is the molecular formula of the {Pv „jab, Inter. 1944) 

The empirical formula of the base ode,dated as in the previous 
examples come^o^H th „ base.^the formula of the 

platinichloride shoj> d be B, * - U) . ain3 G f pure platinum. 

Hence, ^the'^molecular 'vveight of She platiniehloride B.H.PtCl. 
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195 


= 0 400 X OT 25 ° r 624 

Molecular Weight of the base B 

624— (2+195 + 213) _ 107 
2 

This is identical with the empirical formula weight. Hence, the mole¬ 
cular formula cf the base is the same as its empirical formula, i.e., 

C,H 9 N. 

QUESTIONS 

j ^What is the difference between the empirical formula and the molecular 
formula ? How will you proceed to establish the empirical formula of a substance ? 

2 How is the molecular formula of a volatile organic substance determined ? 

V On combustion. 0152 gram of a non-nitrogenous organic compound gave 
0*304 gr^m of carbon dioxide and 0*124 gram of water. The vapour density was 
found to be 45 3. Determine its molecular formula. 

** 3 [Ans. C 4 H h 0 2 .] (Punjab. Inter., 1977) 

4. 0*3696 gm. of a compound containing C, H and O gave on combustion 0*5420, 

gram CO 2 and 0 2168 gram HoO. Find its simplest formula and state whether this 
formula is necessarily the same as the molecular formula, giving reasons for your 
answer. [Ans. CH 2 0 ] (Unit. Prov., Inter, 1922) 

5. An organic compound was found to contain 66*6% carbon and y 4% hydrogen. 
0*135 gm. of the same substance on analysis gave 27*9 c.c. of nitrogen at N. T. P. 
If its molecular weight be 108. calculate the formula of the compound. 

[A ns. C 6 H„N a ] (Unit. Prov., Inter.. 1928) 

6. An organic substance, containing C, H, and N. gave the following results on 

analysis: 0.465 gm. of ic yielded on cumbusticn 1*32 gm. of COo and 0 315 gin. of 
H 2 0 . 0*2325 gm. o f the substance yielded 27 8 ml. of Nitrogen at N.T.P. Calculate 

the formula of the substance. [Ans. C«H 7 N.] {Unit. Pra'., inter.. 1934) 

7. Describe briefly a simple method for the determination of the composition 
of a gaseous hydrocarbon. 

12*5 ml. of a gaseous hydrocarbon was mixed with 48 ml. of oxygen, the mixture 
ignited by an electric spark. On cooling, there was a contraction of 25 ml., and, 
oq treating the remaining gas with caustic potash solution, there was a further 
contraction of 12 5 ml. Find the molecular formula of the hydrocarbon. 

(Punjab. Inter., 1947) 

8. 12 ml. of a gaseous hydrocarbon were mixed with 90 ml. of oxygen, and the 

mixture exploded. After explosion, the volume was 72 ml. On adding KOH. 
36 ml. of gas disappeared, leaving oxygen only. What is the molecular formula of 
tbe gas? All the above measurements were made at 15°C. and 755 mm. pressure, 
the gases being saturated with moisture. [Aq. tension at. I5 0 C=I2.7 mm.] 
[✓ins. CaHo.] ^ (Punjab, Inter., 1919) 

9. (a) How would you estimate the percentage of nitrogen in an organic com¬ 
pound ? 

(6) 0 20 gram of an anhydrous acid gave, on combustion, 0*040 gram H 2 0 and 
? Ic) 5 pram C 0 2 . 1 he aci 1 is found to be dibasic, and 0 5 gram of the silver salt 

leaves, on igmiion, o 355 gram silver. What is its molecular formula ? (Ag=io8) 

[ £ n I 4 ) . , (Punjab, Inter . 1940) 

10. Describe Carius method for the estimation of halogens 

A substanc; gave the following results on analysis 

^ 8 ave 4 CO* and o.iae gm. water. Also 0.360 cm. of the 

subfun" ” h™’ 1 "' 1 -"' What is th * of ihe 

and O ° 3 f rn”' °*/” anh > dr <»>s dibasic acid conUinili fi ”only T 

taitio„ g r; e V an<3 ,°-° 6 * 8 n- oi H *°- °'5° S'"- o'“s silver sait on 

SuSfiSffeffir- c “ ,CUIat -' thc em »™ al ,ormula »<= 

'« [Ag=io8] 

( Punjab. Inter., I 943 \ 


\ 


CHAPTER 6 


MOLECULAR STRUCTURE AND ISOMERISM 

1. Isomerism. Among inorganic compounds the empirical formula 
is, in almost all cases, sufficient to characterize the substance in hand. 
Thus there is but one substance having the formula CuS0 4 , only one 
having the formula HC1, and so on In organic compounds, on the 
other hand, even the molecular formula is not sufficiently characteristic 
to eliminate the possibility of confusion with other compounds. There 
may be many organic compounds having exactly the same molecular 
formula, which nevertheless differ from one another in their phasieal 
and chemical properties. Such compounds are called isomers or iso- 
7 nerides, the phenomenon being termed isomerism. 

There are, for example, two different compounds having the mole¬ 
cular formula C,H„0. five having the formula C..H..O, and as many as 

eighteen having the formula C K H 1R . The number 01 isomers theoreti¬ 
cally possible in the case of compounds having higher molecular weight 
mav be very large indeed. Thus there are K02 possible isomers for 
the molecular formula C 13 H, K . All the isomers theoretically possible 
in a given case, however, are aot necessarily known. 

The difference in phvsical and chemical properties of isomeric 
substances is to be sought* in the internal structure of the molecule, 
the atoms in which, in each case, are assumed to be differently 

arranged. 

2 Molecular Structure. In 1858, Kekule advanced two hypotheses 
upon which the structural formula of organic compounds are bawd. 
The first of these postulated that carbon is « tetravalent clement and the 
second that t<» atoms have the capacity to Unk with one anathe". 

Bv the aid of the above two hypotheses, it is possible t on pr . 
aranhicallv the molecular architecture of a majority of organic 

ntnmq undergoing combination are mutually used up. ’ 

bUe hvdrouc .1 are monovalent must combine according to the 
fonluia H-X sSJly, di-, tri- and tetravabnt elements must oomb.ne 

with hydrogen as in the following formulae .— 

H H 


H—O—H H—N—H H-O-H 

Water Ammonia ^ 

Methane 

While in inorganic compounds elementsjlo^rmt alrrays^shov^the ^same 

valency, a ”° ng “^The'ekments carbon, hydrogen and oxygen, of which 
^orator, tv of organic compounds are composed, show, m almost all 
tJvalencyoftan«^”a2culc are linked together 
indica t e r the* structure or Constitution of the compound. It is expressed 
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by structural or constitutional formulae. In writing the structural 

formulae the following rules, based on experience, are ° b8 *"“ \ in . 

(1) Tetraualency of the Carbon Atom. 'I he carbon atom is almost in 

variably tetravale.it, and may thus combine with at the m°st four 
univalent atoms or groups. Thus. i„ methane. CH , and carbon UtneM*- 

ride, CC1 4 , one atom of carbon is combined with four atoms of Indrogen 

and chlorine respectively. 



FRIIiDRICH AUGUSTI2 KEKULU 

( 18 1 <)—1896 ) 

the famous German chemist who is the founder of the 
Theory of the Structure of Organic Compounds. 

(2) Equivalence of the Four Carbon Valencies. The four valencies of a 
carbon atom are equialent to one another, as the replacement of any one 
of the four hydrogen atoms of the methane molecule by a monovalent 
substituent always gives the same product. 

(3) Linking of Carbon Atoms. Carbon atoms possess a great capacity 
to link with one another. In the formation of carbon links, it is assumed 
that each carbon atom is bound by 1, 2, or 3 valencies to a neighbouring 
carbon atom and the remaining valencies can then be saturated by hy¬ 
drogen, oxygen, chlorine etc. Those compounds in which only singly 
bound carbon atoms are present are termed saturated compounds; e. g., 

H O 

I II 

H—C-C—OH 


Acetic acid 


H H 

I i 

H—C-C—H 

I I 

H H 
Ethane 
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■while those containing carbon atoms linked by double or triple bonds are 
called unsaturated compounds : e. g , 

g>C = C<^ H—C==C—H 

Ethylene Acetylene 

Similarly, three or more carbon atoms may link together, forming an 
open chain, such as, 

C—C—C C—C=C—C C—CsC—C 

C 

C^Nd 

or a closed chain or ring, such as 

c \> 

C 

Some important open chain compounds are present in fats and oils. 
For this reason, the branch of organic chemistry that deals with open 
chain compounds is called the fatty or aliphatic series and a substance 
belonging to this class is known as a fatty or aliphatic compound. 

Substances containing closed chains are termed cyclie compounds. 
If the rings are composed entirely of carbon atoms, they are called 
carbocyclic : if they contain, in addition to carbon, one or more atoms 
of some other polyvalent elements, as in the following:— 

C 


\/ 

O 

they are termed heterocyclic. 

C 


|C C 


c c 


c c 


c c 

V / 


N 


C^ X C 

C W C 

0 


Among carbocyclic compounds, those containing rings of 
six carbon atoms with alternate single and double bonds, 
as shown in the margin, are of great importance, and are 
called aromatic compounds or benzene, derivatives. 


3. Substitution. The atoms of an element present in the molecule 
of an organic substance may b<* replaced or substituted by an equivalent 
number of atoms of other elements. Thus, the hydrogen 
methane can be successively replaced by atoms of chlorine. 


atoms oi 


H 

H—0—H 


Cl 


Cl 


H 


H - C—Cl 


k 


Methane 

Cl 


H—C 

I 

H H 

Monocbloro-methane Diehloro-methane 

Cl 


H— C— Cl 

I 

Cl 

Trichlc-ro-niethane 

They may also be replaced by mono-, di- 


Cl—C-Cl 


Cl 

Tetraehloro-metbane 

or trivalent groups 


Sec. 5,6 ] 
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4. Isomeric Change. Under certain conditions an organic com- 
pound may pass into another having the same atomic composition but a 
different structure. This type of reaction, called an isomeric change 
or isomerization, involves a rearrangement of the oomponent atoms of the 
molecule. The most important example of an isomeric change is the 
conversion of ammonium cyanate into urea : 

NH 4 0.C=N -> NH 2 .CO.NH 2 

Ammonium cyanate Urea 

5. Metamerism. This term refers to a kind of structural isomerism 
which exists between substances of the fame class, and is due to the 
linking of different alkyl radicals to the same polyvalent atom or group. 
Metamerism is exhibited by ethers, ketones, esters, amines, etc. The- 
following few cases may be mentioned as illustrations of this type of. 
isomerism :— 


C 4 H 1o 0 


ch 3 

C„FU 


>0 


C s H lo 0 


Methylpropyl ether 


CH 
sH 7 


C w 3 >CO 




— w 

Methylpropyl ketone 

CH 3 C00 CH 3 

Methyl acetate 


C,H 0 

Diethyl ether 

c 2 h 0 

Diethyl ketone 


hcooc 2 h 3 

Ethyl formate 


6 Determination of Structural Formula. After the molecular- 
tormula ot a substance has been found as given in Chapter V the 
organic chemist proceeds to determine the structure of the molecule 
This may involve the following steps : 

(1) First, writing down all the possible combinations of the consti¬ 
tuent atoms, consistent with their respective valencies 

( 2 ) Then, from the various possible formula? thus obtained, selecting 

methods of f^mLion' ^ pr °^ rtics < f th * compound audits 

-■ r? :xt-:s.rT.VVr.T.;: 

rlZ h y dv °Z™ a ” d oxygen be assumed to b- 4 1 and 2 

Shobelnhi 16 co, V poUnd harin P the molecular formula CH 4 0 (methyl 
alcohol) can have only one structure as shown below : \ J ■ 

H 


H—C—O—H 


Similarly, the compound of the molecular formula CH 2 0 (formal¬ 
dehyde) must have the structure H.OS^. I n case two or more 

refrenee to °thT'folhmir,g P po7nts' ■ J™ mUSt Seleot the ri 8 ht ono b y 

°f il T he'in/ 0 pr , o b d 1 u t i d ° frrnn ^ ‘—formed into, or 

tn ° W “ fr ° m that' irAen^an 1 * ° rurffco^^r^ent ft^ia i 
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molecule is replaced by another sub*titutent, the latter, as a rule, goes 
into the position originally occupied by the former. 

The procedure may be illustrated by reference to ethyl alcohol, 
C„H 0 0. As one may see by trial, there are only two ways in 
which the structure of the compound mav be represented viz., 

H H H H 


(a) H—C—O—C —H and (b) H—C—C—O—H 


H H 

I I 

H—C—C—Cl 

I I 

H H 


H H H H 

Now, ethyl alohol may be obtained bv the hydrolysis of ethyl 
chloride, C 2 H,C1. and, convorslv, it nny be converted into ethyl chloride 
by treatment with hydrogen chloride. Hence, its 
structure must be analogous to that of ethyl chloride. 

But, there is only one structure possible for the latter 
substance, shown in the margin. Hence, ethyl 
alcohol must possess the constitution (6) and 

The conclusion thus arrived at is in complete harmony with the 
chemical behaviour of ethyl alcohol. Thus, of the six hydrogen 
atoms that the molecule contains only one is replaceable by sodium , 
hence this hydrogen atom must, be in a different s ’t • ° 
tion from the rest. This condition is fulfilled by the formula th 

we have just now selected. . , , , • , 

( H) The close similarity of the physical and chemical properties 

of the compound with thos * of another whose constitution is kno^ 

Thus, an additional proof of ethyl alcohol as possessing the structure 

b) i< that in its ,-ntiro physical and Comical behaviour, .t closely 

resembles methvl alcohol, for which there is only one structure 

possible, viz., CH.OH Hence, ethyl alcohol must 

contain a ImRoxvl group in its molecule, just as 
methvl alcohol do-s. Similarly all other alcohols 
must’ have in their molecules the grouping shown in 

The formula finally adopted must be supported by as m y 

reactions of the compound as possible » vm« a bo be checlked byjefe 
rcnce to its various physical properties As .he l^f known ntr-i.otcVo 

ri 5 SffsSw= i!W!Si 

an unknown organic compound. They are. 

(1) Purification. 

$ ssr'sr- io “ ,ation of the 

^^eSttion of the class to whicWhe compound belongs 

by 8 t C ud; aC the^prop^ie, 0 ; of the compound and to deduce 

therefrom the constitutional formula. 


—0—OH 


Secs. 8,9] 
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When once the class to which the compound belongs is known, 
it is quite simple to investigate its chemical properties and write its 
-constitutional formula. 

(6) Synthesis of the compound, by simple chemical reactions in 
'Order to confirm the constitutional formula deduced in step 5 

8. Structure of the Atom. The atoms of all elements have 
been ouilt by Nature from the same three kinds of primary particles, 
called the electrons, the protons and the neutrons The electron carries a 
unit negative charge, and its mass is 1/1840th of that of the hydrogen 
atom. The proton carries one unit of positive charge, and has practically 
the same mass as that of an atom of hydiogen The neutron has the 
same mass as the proton, but is electrically neutral (hence the name). 

The electrons, the protons and the neutrons are not jumbled together 
in a haphazard way in the atom but are arranged according to d(‘finite 
scheme. In the centre of the atom there is a very dense, heavy body, 
called the nucleus, which is a compact structure consisting of all the 
protons and the neutrons that the atom contains The number of 
protons in the nucleus of an atom represents the nuclear charge, which 
-always corresponds to the atomic number of the element, i. e. its position 
in the periodic table. 

While the number of protons in the nucleus of the atom of a given 
element is always the same, the number of neutrons varies within certain 
limits Thus we get atoms of the same element possessing different 
masses. These are called the isotopes. There exist three isotopes of 
hydrogen having a mass equal to 1, 2 and 3 units, which are called 
protium (or simply hydrogen), deuterium and tritium respectively. The 
nuclei of all the three kinds of hydrogen atoms have one proton in each 
ca>e. But the number of neutrons with which the proton is associated 
is zero, one and two respectively- Like hydrogen, all other elements 
have been shown to consist of mixtures of isotopes. Hence, the atomic 
weight of an element is comparatively of little importance. In fact, it 
has no physical signifiance, but is merely the average mass of the atom 
•oi an element. 


Arr f gement of Electrons. All the electrons in an atom re- 

^ nf n eU8 ’ eaC V n itS OWn s P ecific orbifc - The ^ rious 

electronic orbit s are grouped into a number of shells, depending on the 

of C p?^t PtS ^ SSed K^ y th u 4 electrons concerned. The maximum number 
■of elections orbits that a given shell can accomodate is given bv the 

Th P e re first n .hell’ "therefor 8 ^ Shel1 mimber ’ countin g from the innermost. 

m ° re tha ” 8 -d nexl-to-the-outermost 

^in S „ tar1ing / r ° m the hydr °8 en atora « w hi°h consists of a single electron 
in 92 steps 1 d nUcIeuS : the solution of the atom takes place 

nucleus an/ one 

various atomic numbers Hydrogen the 1 92 ! 6P r re P resenfc the 

table has the atomic number f wlffle le . ment ° f fch £ e P enodic 

the last element of the periodic table 92 number of uranium, 

of thc first p eri ° d » 
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Period 

Element 

At. No. 

Number of 

1st. shell 

1 

Hydrogen 

I 

r 


Helium 

2 

2 

11 

Lithium 

3 

2 


Beryllium 

4 

2 


Boron 

5 

2 


Carbon 

6 

2 


Nitrogen 

7 

2 


Oxygen 

8 

2 


Fluorine 

9 

2 


Neon 

10 

2 

hi 

Sodium 

11 

2 


Magnesium 

12 

2 


Aluminium 

13 

2 


Silicon 

14 

2 

1 


Phosphorus 

15 

2 


Sulphur 

16 

-> 


Chlorine 

17 

2 


Argon 

18 

2 

10 

Electronic Theory of Valency. When 


2nd shell 


3rd shell 


1 

2 

3 

4 

5 

6 

7 

8 


8 

8 

8 

8 

8 

8 

8 

8 


1 

2 

3 

4 

5 

6 

7 

8 


brought together, their atoms may comoine 10 lorra LomiJuimuo. 
combining capacity of atoms is termed valency. According to modern 
theory, the development of valency by an atom depends on the num er 
of electrons in the outermost shell, or the “valency shell’ , of the atom- 
The key to the problem of valency is provided by the elements ot t e 
helium family (zero group of the periodic table). The atoms of these 
elements possess no power to combine with other atoms, and are, t err 
fore, supposed 10 possess maximum stability of the valency shell. ® 
helium atom has 2 electrons in the valency shell, while all the other 
members of this group have 8. Atoms of all elements tend t° ia' e 
complete shell of 8 electrons (except hydrogen and helium which can 
have a maximum of 2). It is this tendency of the atom that m res¬ 
ponsible for chemical combination. The completion of the valency 
may be achieved by an atom by borrowing, lending or sharing ot elec¬ 
trons The borrowing or lending of electrons gives rise to electrovalency 
(Sec. 11), while sharing results in the development of covalency (bee. i-J- 

11 Electrovalency . Union between two atom, may take place by 

the transfer of electrons from the outermost shell of the one to. tl t 
the other Thus, when a chlorine atom having i valency Sections com bin 
with a sodium atom having one such electron Mh.-hetronf. gutter 

atom is transferred to the chlorine atom ,, Further the 

stable arrangement of 8 electrons in their ou erinos q j. e9 the 

transfer of an electron from the sodium to' the a ‘° „ nit jvr 

former acquire a unit positive charge, < other by mutual 

charge. These charged atoms or ions hold each other by 

attraction : 
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Sees. 12,13.] 


The change is most conveniently represented as follows :— 

Na + 'Ci: :CI: 

Sodium Chlorine ’ 

Sodium chloride 

A compound formed as above is termed an electrovalent compound 
or polar compound. The latter name refers to the fact that the molecule 
of such a compound has a positive and a negative pole, and consequently, 
under su.table conditions, has a tendency to break up into positive and 
negative ions. The combination of the above type, called an electro- 
valency is found chiefly among acids, bases and salts. 

12. Covalency. 7n this type of union the atoms combine by sharing 
one, two, or three pairs ol electrons with each other so as to complete 
their octets. In each pair of shared electrons one is contributed by each 
atom. One pair of shared electrons corresponds to a single bond, two 
pairs to a double bond, and three pairs to a triple bond. A covalent 
bond is non-ionizable. The following are some examples of covalent 
compounds : 



H 

H . 6 ; H 

• 

H ;N, H 
• • 

Water 

Ammonia 


H 

• V 

H H 

•X •« 

c::c 

«• x» 

H H 

Hsc ■ C '*’c; H 

Ethylene 

• X 

H 

Benzene 


H 

H ;C; H 

• r 

H 


Methane 


H H 

C:::& 


Acetylene 


The co-ordinate link is similar to the covalent link except that both 
the electrons constituting the bond are supplied by one of the atoms 

Thus, in the nitro-group, N // one of the oxygen atoms is linked 

O 

to the nitrogen atom by a covalent double bond and the other bv a 
co.orrfi«afe link _ The latter link is symbolized by a small arrow 
pointing from the nitrogen lo the oxygen atom. ‘This shows that 
the two electrons reqired for the formation of the link are supplied by 
the nitrogen atom. u - y 

13. Valency of Hydrogen and Oxygen. The hydro^n atom has 
•only one electron. \\ hen this is lost, we get the hydiogen ion, H+ which 
is the common constituent of all acids. In organic compounds, hydrogen 

forms a single covalency, i.e. a 2-electron link, as in methane, H:C:H 

The oxygen atom has six electrons in the valency shell ^ 

InThT r ?m an ° ther J at ° m ’ S ivin g rise to the oxide ion 
In the case of organic compounds, oxygen acts as a bico valent element In 
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methyl alcohol, H : C : 6 : H, for example, oxygen hus two single bonds,. 

• • • • 

H 

one with carbon and the other with hydrogen. The two oxygen atoms- 

O 

of acetic acid, CH,.C^ , are both bicovalent. One of them is bound 


\ 

OH 


on the one hand with carbon and on the other with hydrogen, a single 
covalencv being developed in each case. The other oxygen atom » bound 
to the carbon atom by a double bond. i.e. a 4 -electron link. In all these 
cases, the oxygen atom fills up its valency shell completely. That is, its- 
valency shell acquires 8 eloctrons. which is the maximum that it c«m 

hold. 

14 Valency of Carbon. The carbon atom has 4 electrons in the 
valency shell, and the opposing tendencies to gam and borrow elee4rons 
are so well balanced that the atom practically never develops an■ 
valency, either positive or negative. The only mode of comburntm 0 that 

T b °" Vt°t n emU h to'h S ave aVomple'te^of 8 elecIronTin the valency shell 

Aa it already has 4, it will combine wieh four mono-covalent atoms, as 

H 

• • 

in the case of methane, H : C : H. 

Combination between two carbon ^Xb“ 
sinL'le bond (as in ethane, H 3 3 *’ , HP = CHI This power of 

-- - - - 

o^t remarkable and unique. . 

15 Valancy of Nitrogen. The nitrogen atom has o electrons in 
the valency Xu, and readily develops a tricovalency, asm ammon.a, 

H : N : H or amines, R : N : H, etc. It is also capable of developing a 


tetra-covalency. as in the case of the ammonimum ion, 


H 

H : N : H 
H 


and the nitregroup, N One of the nitrogen-oxygen bonds in th» 

carbon, is four. QUESTIONS 

Give the different steps in the systematic investigation jg 37) 

and (iv) Metamerism. 
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Questions ] 


4. How is the structure of an organic substance determined ? Illustrate your- 
answer by a specific example. 

5. Write an essay on "The Electronic Theory of Valency. 

6. What is meant by covalent and eleccrovalent linkages, and which of these 

linkages generally occurs in organic compounds ? Give the electronic formula ot 
methane. ( Punjab, Inter*, IQ 33 ) 

7. On what conceptions regarding the structure of a carbon atom, is the graphic 

formula of an organic compound based ? Point out its limitations. Describe the 
electronic structure of a carbon atom, and write down the electronic formulae of the 
following: Methane, Ethylene, Chloroform, and Carbon Tetrachloride. 

(Punjab Inter. 1945) 

8. Explain the main postulates of kekule’s theory of moleculer structure in 
terms of the electronic theory of valency. 

9. "The valency of hydrogen, oxygen and chlorine in organic compounds is 1, 
2 and 1 respectively”. What is the significance of this statement from the view point 
of modern theory ? 

10. "While carbon is consistently tctra-covalcut, nitrogen may act as a tri*. 
covalent or a letra- covalent element”. Why is it so ? 


PART II 

ALIPHATIC OR OPEN-CHAIN COMPOUNDS 

CHAPTER 7 

SATURATED HYDROCARBONS OR PARAFFINS 

I. Methane, CH 4 . Methane is one of the hydrocarbons, i.e., com¬ 
pounds of Carbon with hydrogen It is the parent hydrocarbon of the 
■aliphatic series of carbon compounds. 

Occurrence Methane is produced in considerable quantities when 
cellulose and other organic matter undergoes putrefaction under stagnant 
water On this account, the gas is found in marshy places; hence the name 
marsh gas. The natural gas that issues from the earth in petroleum 
districts consists of methane and its homolegues. Methane also issues 
from seams in coal mines, where, by diffusing into the air, it forms an 
explosive mixture; hence the nam e fire damp given to it by coal-miners. 

Methane is an impor¬ 
tant constituent of 
coal gas of which it 
constitutes between .‘10 
and 40 per cent. 

Preparation (1) 

Methane is most con¬ 
veniently prapared in 
the laboratory by hea¬ 
ting fused sodium ace¬ 
tate with drv soda-lime 
(NaOH + CaO). The 

active constituent of 
soda-limein this reaction 
is sodium hydroxide; 
but tlm pure alkali is 
not employed, owing to its being deliquescent and easily fusible. 

CH ,COONa + NaOH -> CH 4 +Na 2 C0 3 

Expt. I. Heat an intimite mixture of fused sodium acetate (ipart) and dry 
soda-lime (4 parts) in a hard glass tube provided with a delivery tube. Collect the 
issuing gas over water. ( See Fig. 1. ) 

(2) Another source from which methane may be obtained in the 
laboratory is alumunium caibide, AI 4 C ,. This, when boiled with water, 
yields methane contaminated with hydrogen (20 per cent.) and 
other impurities. 

AI 4 C ;i 4 12H.OH —* 4Al(OH) 3 + 3CH 4 

(3) Pure methane is most readily obtained by tin* reduction of methyl 
iodide, CH.,1, with nascent hydrogen (usually from zinc-copper couple and 
alcohol) :— 

'The fused sodium acetate is made by heating the hydrated salt in a dish, until 
it melts, resolidifies and melts again to a transparent mass. Strong heating must 
be avoided, as the salt chars at high temperatures. 
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CH,I -f zH -* CH 4 + HI 

The-details of the experiment are similar to those described for 
ethane in Expt. 3, See. 3. 

Synthesis 1 . Methane has been synthesized by the following reactions:— 

(1$ When a current of hydrogen is passed over carbon heated at 1200°, 
the elements combine together to yield a small proportion (1 per cent), 
of methane : 


C + 2H, ^ CH 4 . 

The reaction is reversible, since when pure methane is heated at 1200°, 
about 99 per cent, of it is decomposed into its elements. If carbon be 
intimately mixed with finely divided nickel, the combination occurs at 
lower temperatures, and much larger amounts of methane are former!. 

• Sabatier and Senderens have obtained an almost quantitative 
yield of methane by passing a mixture of hydrogen and carbon mon- 
oxjde or dioxide over finely-divided nickel at 250° to 300°. 

CO -f 3H„ CH 4 -f- H.,0 

C0 2 + 4H S -> CH 4 + 2H..O 

“n^ r avail»b“ CO,nme^0ia, - 'ocaliti,, where nature. gas 

r , he ea y llCSt synthesis of methane was effected by Bertheiot »>v 
over hlatedeoppe^ “ <, “ U,p,,ido ™ poUr and 'O'-liogen sulphide 

CS 2 + 2H 2 S 4- 8Cu CH 4 -f 4Cu„S 

Physical Properties Methane is a colourless gas with a slight odour 

shVh+l v be h i q M fiedat I* undcr a Pressure of 180 atmospheresSt is very 
shghtly soluble ui water. 100 nd. of water at 4° dissolving 5 n, I df 

kvdroea, hous of this 

acter, and is not affected by acirL or ! v neutral m char- 
oxidizing agents such as nitric acid notavsin'm^' ,M !t affcctod b .V 

ebromate JOie only important di ‘ 

luminous flame.' forming carbon dioxide "hdZaZ'v't ptactioal, y a " OI >- 

CH 4 4- 20 2 CO a + 2H..0 

violently. Mixtures^of ^nethane^ an°d ai^ 1Rnite . <1 » tho C as explodes 
of constant danger to miners occurring in ccal-mines are 

(2). .Action with Chlorine. Methane is a “safi.mt I” 
can give rise only to substitution product \V h«, •* ]• and 

chlorine or bromine vapour, there is ™V • n 1 ,t ,s with 

exposing the mixture to sunlight an intL r' 0 ” *" the dark. But on 
violence. The four hydrogen atoms of th«m!fi tl ° n ° <C \ ,,S " ith explosive 

*««* ‘He production 
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Chlororaethane, or methyl chloride, CH,C1 
Dichloromethane, or mjthylenc chloride, CH.,ll 2 
Trichloromethane, or chloroform. CHC1 :$ 

Tetrachloromethane, or carbon tetrachloride, CC1 4 

(:i) teflon with Ozone. Wh.-n methane is treated with ozonized 
oxygen, two of its hydrogen atoms ar- exchanged for an oxygen atom, 
with the production of formaldehyde : 

CH, + —O ;i —, H.C^q a. H,0 + 20,. 

Forma Idehyde 

This reaction constitutes a delicate test for methane, since eve,, 
small quant ities of formaldehyde may he readily identified b> certain 
characteristic reactions that the latter compound gives (see under 

Formaldehyde). 

Expt 2 To study the chemical prop *rtie* of methane : , • 

(a) Burn a cylinder full of methane. Notice that the flame is non-luminons. 
Test the gas left in the cylinder with lime wa'er . 

the latter turns milkv. 

(/,) Pass the gas through (») bromine \\a or 
(,,) sodium hvdroxids solution rendered pink 
with plienolphtiialein. (in) dilute sulphuric acid 
rendered pink with methyl orange, and (*• » 
potassium permanganate solution aodiii.d t 
sulphuric acid. Notice that there >s no appearance 

^ -1 very loud exp.osioa 

Composition. Methane hung a gas-ous hy.lrocarbon, its compo- 
sitioil can be determined by the method explained n See .IX 

Constitution. Since ci-bon is .e.rayalcnt and 
methane molecule must be represented l»v the constitutional 

shown below : 



H—C 


ri 

Electronic Formula. In tonus of electronic 
the above formula assume the form . 

•V * 


theory of valency, 


H - C : H 

X . 

•"*-'“‘irrx;:. - - - 

carbon atom is four. In the methane .molecule. 


H 


I 

H—C—H 

H 

all the four valencies of the carbon atom arc Satisfied by four hj drogen 
atoms. Hence, there is but one way open for methane to form derivatives, 
i. e., bv substitution. For example, in the reaction with chlorine one or 
more halogen atoms enter the methane molecule by displacement of an 
equivalent number of hydrogen atoms. In this manner, we get from 
methane four different substitution products : viz., 

Monochloro-inethane, CH a Cl 
Dichloro-methane, CH»C1 2 
Trichloro-methane, CHCI h 
T et raehloro-methane, CC1 4 

A compound, like methane, in which the maximum combining capacity 
of carbon atom* is exerted , and which , therefore, can form derivatives only 
by substitution, is called a saturated compound. 

3 Ethane, C 2 H c . Ethane occurs, along with methane, in the 
natural gas, and is also found dissolved in petroleum. 

Preparation. Ethane may be prepared by methods similar to 
those used for methane {.Sec. 50). Thus, methods (1) and (2) given 
below correspond to methods (1) and (3) described under methane. There 
arc also other methods for the preparation of ethane (3, 4 and 5) which 
are not applicable to the preparation of methane. 

(1) By heating anhydrous sodium propionate, C\,H,COOXa, with 
dry soda-lime : — 

C 2 H, COOXa 

~r —> C 2 H (i -}- -Xa 2 CO. 

H OXa Ethane 

(2) By the reduction of ethyl iodide, C 2 H 5 I, by means of zinc-copper 
couple and alcohol :— 

C 2 H 5 I + 2H-» C.H* 4- HI 



w w - ( -— *- 4 vuauv. 

S!o!S « Tafcc ?° P™* Saluted 

stand, until the blue colour is discharged ; theu p"°„r ofl'^^soVutSu. 1 'Rep^e 




2,^8 

*- . 4. 


52 


SYSTEMATIC ORGANIC CHEMISTRY 


[Chap. 7. 


above treatment with cupric sulphate three or four times. Wash the zinc-copper 
couple, thus obtained, with water, and finally with a little alcohol. Then place it 
in a flask provided with a dropping funnel and a delivery tube (Fig. 3)- Add to 
the flask too ml. of alcohol mixed with a drop or two of dilute sulphuric acid, and 
then drop ethyl iodide into the mixture from the dropping-funnel. Collect the gas 

evolved over water. _ . > 

Study the properties of the -as as in the ease of methane (Expt. 2). 

(3) By heating methyl iodide, CH,I, with metallic sodium or zinc 

(Wurtz’ reaction') :— 

V 2CH ,1 -f Zn -* CH h .CH 3 + Znl, 

Hthane 

This reaction may he employed for synthesizing ethane from methane 

(4) By Anodic Oxidation of Acetate-ion (Kolbe’s Reaction). When a 
concentrated aqueous solution of sodium or potassium acetate (or dilute 
acetic acid) is submitted to electrolysis in a cell divided by a poious 
partition, the acetate ions lose electrons to the anode (oxidation). Ihe 
discharged acetate groups, being unstable, undergo decomposition so 
as to give ethane and carbon dioxide, which are set free at the anode . 

2CH3COO'— 2e" -> CH.,.CH :l + 2C0.., 

At the same time, hydrogen is set free at the cathode owing to the 
reduction of the hydrion (derived in the case of acetic acii from_the 
acid itself and in that of potassium acetate solution from the watt ). 


2H T 4- 2e 


H,. 


The arrangement of the apparatus is shown in I ig. 4. 


Satuqatco 
SOP'UM A C 1 taU 
Solui 'On 
Containing 2% 
CM/TOO* 

i\ri 


Cone Solutio* of KOH 


T7j_ « Electrolytic Preparation of Ethane. 

\ saturated solution of sodium (or po^pot'^." Tit® 

2 per cent of glacial acetic acid) i 1 T . ah aped‘delivery tube u.to 

latter is fitted with * T^i'um wfre to act as the anode. A n.cke 
wide!, is fused a stout 1> f"£ C the eatliode. The porous pot is 
wire wound round the cell, serves solution as the porous pot 

placed in a beaker containing • - a trOU gh of cold water so as 

itself. The whole apparatus .8 P h tp below 2 0°. The gas set free 

to keep the temperature ot 


•ep the temperature of the electro* ~ — 

Char.es AC^^TTS, 7-1884) was a French chemist. 
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at the anode is collected over a strong solut ion of potassium hydroxide, 
which absorbs the carbon dioxide. 

(5) Ethane has been prepared on a large scale by the combination 
of ethvlene and hydrogen in the presence of finely-di\ ided nickel. 

C. 2 H 4 + H 2 C 2 H rt 

Properties. Ethane, like methane, is a colourless, tasteless, gas. 
It is practically insoluble in water and slightly soluble in alcohol. 

In chemical properties, too, ethane closely resembles methane. It 
readily reacts with chlorine and bromine, yielding substitution products. 
1,2,3, 4,5, or 6 hydrogen atoms being replaced by an equivalent 
number of chlorine or bromine atoms. The final products are hexachloro* 
ethane, C 2 C1 0 , and hexabromo-ethane, C._.Br r> , both of which are 
colourless crystalline solids. 

Constitution. Explosion with oxygen (Chap. 5, Sec. 8) shows that the 
molecular formula of ethane is C._,H c . The two carbon atoms must bo 
directly united, because a monovalent atom could not possibly link them 
together. Moreover since the carbon is tetravalent, the two carbon 
atoms must carry” three atoms of hydrogen each. Hence, the structural 
formula of ethane is as shown below : 

H K 

I I 

H—C—C—H 

! I 

H H 


This view is confirmed by the formation of ethane from methyl iodide 
by Wurtz’ reaction. 

4. Saturated Nature of Ethane. Ethane, like methane, is a satur¬ 
ated compound, as the four valencies of each of the carbon atoms are 
fully satisfied. In the case of each carbon atom, three of the valencies 
are usud up in linking three hydrogen atoms, while the remaining fourth 
is utilized in holding the* other carbon atom. 

5. Structural Relationship of Methane and Ethane. If one of 

the hydrogen atoms of methane, CH 4 , be imagined to be detached 
from the molecule, we will be left with a univalent group, called 
the methyl group, — CH S . Such a group, however, is not capable of 
independent existence, for the fourth valency of the carbon atom seeks 

tL b L S f tlS - 6e ^ Tf T t u y t0 liberate such a group from combina- 
lon (as for instance, by' the action of sodium or zinc on methyl iodide) 

two such groups will get linked together, giving a molecule of ethan. 

“ d 9 "* 3 Y „ c *’ etbai ? e m ” sfc be re g ai> ded as derived from methane' 

and may be called methyl methane. 


K 


H—C—H 

I 

Methane 


H 


H 

I 

C— 


H H 


H—C—C—H 


H 


H H 


Methyl group (incapable of Ethane or 
, . independent existence) Methyl-methane 

6 . Homologous Series. We have seen that ethane is derived from 
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methane by the substitution of one of the hydrogen atoms of the latter 
by a methyl group. If one of the hydrogen atoms of ethane be replaced 
by a methyl group, we get another hydrocarbon, called propane , CH h .CH 2 .- 
CH S . Proceeding in the same manner, we get a series of hydrocarbons, 
each successive member of which has one atom ef carbon and two of 
hydrogen more than its predecessor :— 

Methane, CH 4 
Ethane, 

Propane, C ,H S 
Butane. C 4 H,<, 

If the number of carbon atcms in the molecule of any of the above 
hydiocabons be expressed by n, the number of hydrogen atoms will be 
found to be 2 n -f 2. This is true for the higher members as well, lhe 
series, therefore, possesses the general formula C„H;,ri+.j. 

Now, if we replace a hydrogen atom in each of the above hydro¬ 
carbons by a hydroxly group, we obtain the following series : 

CH..OH C.H,.OH C..H-.OH 

Methyl alcohol Ethyl alcohol Propyl alcohol lhityl alcohol 

Here, also, we find that each member of the series differs from the 

preceding one by CH*, and the whole series may be expressed by the 

general formula C„H, N + 2 .OH. 

Replacement of the hydrogen of hydrocarbons by other groups or 
atoms always results in the formation of various series of compounds 
whose successive members differ by CH.,, and which may be represented 

bv general formula* as in the above two cases. 

‘ A group of similarly constituted compounds, two comecuhre J 

which differ in molecular composition by CH..,, is termed a homologou 
and Us various members are known as homologues. • :i ar 

The various members of a homologous senes possess, o\t• np n j lV8 s ca | 
molecular constitutions, similar chemical propertiesi ; and the r p y 

properties have been found to undergo a gradual change from member 

To member. From this it is clear that if we know the various m ^ 

bv which, say, methane and ethane are prepared and also their 

behaviour, we can foretell the methods of preparation ant 

behaviour of any other member of the series. homologous 

The above remarks apply equally well to other nom b & 

series of carbon compounds. Hence, organic chernis ry constitu- 

thoromdi study of the methods of preparation, reactions, an . 

o„ r ofte or\wo select members of a homo^ 
with this knowledge, we can foretell the methods^P r -P ^ nct . 
chemical behaviour of any other member of the «n almost un- 

{Sft highly interesting and 

in> rr W hat has been said above, it ^ 

the chemical properties pad*tio" > n 1 ' - og ous series may be 

■° r r ... 
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Thi3 term refers to the inertness of the hydrocarbons of this series 
This term r reagents (Latin, parvm, little and affmvi. 

affinity^. “tce^y are “fturated in nature, they are also called 

5atU 4 safreadv r stated n the general tormula of the paraffins is C„Hj„ + 2 . 
The names of the various members of tins' series end m one, and are 
derived from the Greek numerals indicating the number of carbon atoms 
in the molecule. The following are a few of the first members of the 

series:— 


NAME 

FORMULA ^ 

NUMBER OF 

ISOM EH11)ICS 

... _ 

Methane 

ch 4 

i 

Ethane 

C,H, 

i 

i 

. X 

Propane 

C :) H h 

Butane 

C\H lu 


Pentane 

C,H 12 j 

3 

Hexane 

c,.h 14 1 

f) 

Heptane 

C 7 H lti : 

!> 

Octane 

U,H IS 

IS 


Physical Properties. The physical properties of paraffin hydrocar¬ 
bons show a gradual change. The first four members of the series 
are gaseous, while those containing from 5 to 10 carbon atoms are 
liquids. The higher members are colourless solids. The boiling-point 
rises regularly as the series is ascended, nut the difference between 
the boiling points of consecutive hydrocarbons gradually diminishes. 

General Chemical Characters. The paraffiin hydrocarbons aro 
characterized by their lack of chemical activity. They arc netural in 
character, and are not affected by most of the reagent3 excepting 
the halogens (see under Methane). They do not react with oxygen at 
ordinary temperatures; but at higher temperatures, they are readily 
oxidized, and the oxidation, when one? started, is difficult to controi. 
It is only recently that a beginning has been made in the preparation 
ot certain products by the direct oxidation of aliphatic hydrocarbons. 
Paiaffins react with chlorine and bromine in the presence of sunlight 
to give substitution products. 

General Methods of Formation. On examining the methods of 
preparation of methane and ethane described above it will be clear that 

meth°X- nS ^ thiS SGrieS be pre P arcd b y the following general 

(1) By heating the sodium salts of carboxvlic acids of the acetic 
series with soda-lime ; e.g., 

CH 3 .C00Na + NaOH -» CH 4 -f Na 2 C0 3 

Sodium acetate Methane 

(2) By the eleotrolysis of aqueous solutions of potassium salts of 
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acids of the acetic series (Kolbe’s Reaction). This method is described 
in detail in the case of ethane on p. 52. 

(.'{) By the reduction of an alkyl halide with zinc copper couple and 
alcohol ; e.y , 

C, H - I 4 2H C.,H f> 4 - HI 

Ethyl iodide Etliaue 

(4) By heating alkyl halides with metallic sodium or zinc (Wurtz* 
reaction) e.r/.. 


2CH .1 4 Zn -> CH S .CH S 4 Znl 3 

Methyl iodide Ethane 

If a mixture of t wo different alkj'l halides is used in this reaction, three 
different hydrocarbons are produced at the same time. Thus, a mixture 
of methyl iodide and ethyl iodide yields ethane, propane and butane as 
shown below: 

—> C„H„ 4 Znl 2 

Ethane 


2CH I 4 Zn -» 
2C,H S I 4 Zn 


CH,i 
4 4Zn 
G..H. I 


e 4 H ir 

Butane 


Znl 2 


C a H s 

Propane 


4 Znl 2 


(5) Bv the 
the presence 

reaction) :— 


hydrogenation of an unsaturated 
of finely-divided nickel ( Sabatier 


hydrocarbon in 

and Senderens’ 


H.,C.CH 3 

Ethane 


H,C = CH,_, 4 H._. —» H..C.CH, 

Ktnylene Ethane 

HC = CH 4 2H 8 - 

Acetylene 

Note. Methods 2, 4 and 5 cannot be used for the preparation of 
methane. This is because methane molecule contains only one carbon 
atom. Methods 2 and 4 are not applicable for methane, because they 
involve the linking together of two or more carbon atoms ; reaction 
5 cannot he used because no unsaturated hydrocarbon is known which 
contains less than two carbon atoms. 


8. Propane, CH 3 .CH 2 .CH 3 . 

Occurrence. 'Phis hydrocarbon also occurs in natural gas. 

Preparation. Propane may he prepared in the laboratory by any 
of the following methods :- 

(1) By heating sodium butyrate with soda-lime 

C.,H 7 .COONa 4 NaOH -» C,H* 4 Na 2 CO s , 

bodiuin butyrate Propane 

(2) By the reduction of propyl iodide with zinc-copper couple and 
alcohol : 

C S H,I 4 2H —► C 3 H M 4 HI 

(3) By treating a mixture of methyl iodide and ethyl iedide ''it 
metallic sodium in ethereal solution (lVvrtz' reaction). 

cn,i 

4 4 2Na -» C 3 H h 4 2NaI 

c 2 h 5 i 
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Properties. Propane is a colourless gas, closely resembling ethane 
in its physical and chemical properties. It is stable towards acids 
alkalies, 'oxidizing agents and reducing agents Like methane and 
ethane, propane yields substitution products with the halogens 

Constitution. Propane is derived from ethane by the substitution 
of a hydrogen atom by a methyl group. The structural relationship 
of these two hydrocarbons will be evident from the following cons¬ 
titutional formula?: 


H 

H 

i 

H 

i 

H 

i 

—C—H 

H—C— 

C- 

i 

1 

C— 

i 

1 

H 

1 

H 

1 

H 

1 

H 


Ethane 


Propane or 
Methyl-ethane 


Derivatives. Propane gives 
products. Thus, with chlorine 
are produced : 

(1) CH 3 .CH 2 .CH 2 .01 

i-Chloropropane 
or it -Propyl chloride 


rise to two scries of mono-substitution 

the following two mono-chloropropanes 

(2) CH.,.CHC1.CH* 
2 -Chloropropane 
or Isopropyl chloride 


The compound (1) in which the chlorine atom has replaced one of the 
hydrogen atoms attached to a car bon atom at the end of the chain is 
called normal propyl chloride or 1- chloropropane. The compound (2) 
in which the chlorine atom has replaced the hydrogen from the middle 
carbon atom, is called isopropyl chloride or 2-chloropropane. 

9. isomerism. We are now in a position to understand the nature 
of the phenomenon of isomerism, and shall illustrate it with 
reference to butanes. It has been seen that ethane is derived from 
methane, and propane from ethane, by the substitution in each case, 
of a hydrogen atom by a methyl group. Since all the hydrogen atoms 
of methane, and also those ef ethane, are in a similar state of combina¬ 
tion, there is only one ethane and only one propane possible. 


H 

H H 

I 1 

j 

H— C— H 

1 ! 

H— C—C— H 

1 

1 1 

H 

H H 

Methane 

Ethane 


H H H 

I I I 

H—C— C —C—H 

I I I 

H H H 

Propane 


Now, the molecule of propane contains hydrogen in two different 

states of combination. Hence in this case, the replacement of hydrogen 

by the methyl group gives two different butanes having the same mole- 
cula formula, C 4 H 10 : 


(1) CH,.CH 2 .CH 2 .CH 3 

n-Butane 


(2) CH ;t .CH.CH 3 


CH a 
Isobutane 


The first isomer called normal butane or 1-methyl-propane is a straight 

\ hlle th ® seco « d » called Isobutane, 2-methyl-propanef or 
tnmethy 1-methane, has a branched chain of carbon atoms. The two 
isomers are described in the following section. 
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10. Butanes, C 4 H 1Q . 

Preparation. n-Butane may be prepared by heating ethyl iodide 
with metallic sodium (Wurtz’ reaction) : — 


2CH : ,.CH.,I + 2Na 

Ethvl iodide 


CH., .CH.CH 2 .CH, + 2NaI 

ii-Butane 


By using a mixture of isopropyl iodide and methyl iodide in this 
synthesis, isobutane is obtained :— 


('H :,>chi + 2Na + 1CH 


ch* >CHCH: ‘ + 2Nal 


Isopropyl 
iodide 


M ethvl 
iodide 


Isobutane 


The synthesis of the two butanes by Wurtz’ reaction proves their 
% 

respective structures. 

Properties Both the butanes are colourless gases at the ordinary 
temperature Normal butane liquefies at + 1°, whereas isobutane can 
only be liquefied at- 17° under the atmospheric pressure. The isomers 
possess the usual chemical inertness towards acids, alkalies, oxidizing 
agents and reducing agents. They give substitution products wi 

halogens. 

11 Pentanes. The hydrogen atoms in the two butanes are in two 
different states of combination. Hence the replacement of hydrogen by 
methyl group, should, in each case, give rise to two different pentanes. 
Out of these four isomers, two are identical, as will appear from tin 

following scheme :— 

CH3.CH2.CH2.CH2.CH., 

CH 3 .CH 2 .CH 2 .CH ,/ «•Pentane (»> P 3<>°) 

h— llutunc 

™ S >CH.CH,.CH, 

^ /so-pentane (1»- p z$ 3 ) 

/ 

CH , >C H CH.,^' <CH S 

l\o- butane Nco-pentane or Tetra- 

methylmcthanc (b. p. 10 ) 

We thus see that there exist three different pentanes, the names, 

formulae and boiling points of which are given above which 

The three pentanes, represent three different class.s 
paraffin hydrocarbons are divided. They are designated a ® ’ h ^ 

andneo-paraffins respective*. The normal Puffinsare jtr.^t-chajn 

r.r tsrt - 

four others. . ^prived 

12 Alkyl Groups. We have seen that the melhan e 

ggj^giSgesss 
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, J • r~A t+ ahnnUl be noted that the name of alkyl 

f / r 0 „uple h obtaine y d a f rom"hat of the corresponding paraffin hydrocarbon 
by replacement of the terminal erne b\ y • — 


Hydrocarbons 


Methyl group , CH : , 
Ethyl group , C..H- 


Methane, Cri 4 

Ethane, C 2 H 0 s pi . 

Propane, CH 3 .CH,.CH :1 (i) n-Propyl g.oup, CH GH •*£** 

(ij) /*opropyl i/ronp, ( ( -tl 3 ) 8 vvri 


13. Composition of Gaseous Hydrocarbons. See Chapter 5, 

SCC |4; Natural Sources of Paraffins. The more important natural 
sources of paraffin hydrocarbons are :— 

(1) Petroleum (see See. 15). 

(2) Natural Gas. This is found usually in association 'with 
petroleum deposits. It contains about 85 per cent of methane, the 
rest being ethane and other hydrocarbons. It is extensively used in 
the United States and Canada as a fuel and illuminant and for raising 

steam in boilers. . , 

(3) Shale. Bituminous shale, occurring in Scotland, trance, and 

U.S.A. is an important source of liquid and solid paraffins. It is 
subjected to dry distillation, when ammonia, inflammable gases and 
shale tar are obtained. The latter, after being washed with 
concentrated sulphuric acid and caustic soda, is subjected to 
fractionation to obtain naptha, burning oil, lubricating oil and paraffin 


wa x. 

(4) Brown Coal. In Germany the most important natural source 
of paraffins is brown coal, from which naphtha, burning oil, lubricating 
oil and paraffin wax are obtained in the same way as described above 
for shale. 

(5) Ozokerite. Ozokerite, or earth wax, is often found near the 
surface of the ground in certain localities Extensive deposits occur 
in eastern Galicia. . It is a dark-coloured material, consisting of solid 
paraffin hydrocarbons, and is supposed to have been formed by the 
evaporation of shallow deposits of petroleum. It is refined bv melting 
out from earthy impurities, and the brownish product, after being 
treated with concentrated sulphuric acid and alkali, is decolorized with 
charcoal. The purified material is used as a substitute for beeswax 
under the name “ceresin”. 

Petroleum Industry. Petroleum is a thick, dark-coloured, oily 
liquid, consisting of a complex mixture of hydrocarbons. It occurs 
in enormous quantities below the surface of the earth in different parts 
of the world, notably in the United States, Mexico, Russia, Persia and 
Dutch East Indies. 

Petroleum is brought to the surface by drilling wells through the 
overlying strata into the oil-bearing sand-stone. A section through 
an oil-field is shown in Fig. 5. If a boring be made in the middle, we 
would get only salt water. In the two positions where the wells are 
shown to be drilled we would get petroleum (right) and natural gas (left). 

Crude petroleum is not generally refined at the oil-field but is sent 
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(it) Lubricating Oil. The fractions that follow gas-oil are used as 
lubricating oils. 

(iii) Veseline. This is the last fraction to pass, and is semi-solid in 
consistency. It is used in toilet, as a vehicle for ointments, and as a 
lubricant. 

(4) Tar. The dark, tarry liquid that- is left in the still is periodi¬ 
cally drawn off, and is further distilled in cast-iion “coking’’ stills. 
The distillate consists of “heavy oil and paraffin ” and is separated into 
para [Jin ira.r, lubricatin'/ oil*, and ciseline as described above. The 
residue in the stills is Petroleum coke, which is us. d as a household fuel. 

(5) Gas The gas that comes off from the last condenser is subjected 
to pressure in order to separate the li^ht gravity gasoline carried by it. 
The residual gas is burnt under the stills and in gas-engines. It is also 
used for making lampblack. 

16. Flash Point Kerosene to be used in lamps should not be 
suffi' i -ntlv volatile at ordinary temp-ratnr**s to form explosive mixtures 
with air. The loirest I cm perai arc at irliir'i an oil <jtccs off a .•sufficient amount 
of ca pour to form an erpio*icr mixture noth air is termed its flashpoint 
To protect the public against low-flash oils, which would be dangerous 
to rise in lamps, laws .have been made by different governments, for¬ 
bidding the sale of oils having flash-points below a certain minimum. 
The minimum Hash-point prescribed diff«r- in different countries. In 
India, which has a hot climate, it is fixed at 44°C., while in I* ranee, 
which has a colder climate a minimum Hash-point of 35 C\ is permitted. 
In (ireat Britain, it is unduly low (22 1 <’). .. f 

The fiash-point of an oil is usualy determined by 
means of Abel's apparatus (Fig. K). Th-s imple to be 
tested is placed in a small metal cup, .4, which is gradually 
heated by means of the .surrounding «at- r bath.fi. A 
small test finmc,/’, is lowered into 1 he space above the 
oil from time to time by means of an automatic device. 

As soon as the vapour ignites with a minute explosion, 
the temperature, indicated on the thcrmoim-t* r 7, is 
noted Besides this thermometer, which i- graduated 
from 10° to 50°C., there is another, T. t . g* initiat'd limn 
50 ° to 75° C. for the water bath 

Expt i Place some kerosene oil in a beaker provided with a 
thermometer and heated on a w ater bath. After every one degree 
rise of temperature above 3 o°. test the vapour inside the beaker 
bv means of a lighted match. The temperature at whidh the 
vapour ingnites with a small explosion is taken.as the apj r jxirr.ate 
flash-point of the oil. 

QUESTIONS 

, Mow is methane prepared in the laboratory ? What are the chief properties 
o. this * « saturated .^ro ;aA o„," K.p.a,,, ^ state- 

mcn V How will you prepare ethane from e'hyl iodide ? Draw a neat sketch of the 

aPP 3 rat Desc,ib« any three methods tor t c re -oration of aliphatic^ satnrated ^hydro- 

carbons Wurtz’ synthesis of tie araffin hydrocarbons. How, with the 

4 - . T- _ in-iv methane '-e oinerted nto ethane ? 

hClP 5 ° f Given* some acetic ack, l ow x ill >o» proceed to prepare from it (a) methane. 

and (b) ethane ? 
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thus obtained is known as naphtha. The geseous hydrocarbons (CH< to 
C 4 Hj o) that the crude oil contains in solution pass off uncondensed and 
may be collected in gas-holders. 

The different products obtained in the above process are put to the 

following uses:— . ...... 

(I) Naphtha. This is carefully refractionated, and separated into th& 

following products :— . 

(1) Petroleum ether (C 4 H 10 to C„H 14 ), which is employed as a solvent 

in the rubber and varnish industries. 

(ii) Petrol or gasoline (C 0 H 14 to C h H 18 ) which finds extensive appli¬ 
cation as a fuel in the motor and aeroplane engines. It is also used as 
a solvent, for dry cleaning, and for making petrol-air gas. 

(in) Benzine. This is used as a solvent, for dry cleaning and as a 
substitute for turpentine oil in the preparation of varnishes : 

(2) Kerosene Oil. This is employed as an illuminant and a fuel. 

(II) Heavy Oil and Paraffin. This fraction is strongly cooled to 
separate the solid constituents, which are used as Paraffin wax. The 
liquid portion, from which the wax has been separated, is redistilled 
in a current of steam, and separated into the following fractions : — 

(ii Fuel Oil or Gas Oil. This is the first fraction, and is employed as 
fuel oil in Diesel engines. It is also used for making oil-gas and gasoline 
by a process of craking, i. e., heating to a high temprature, whereby 
the higher hydrocarbons break up into the lower hydrocarbons — 

C l6 H 34 2C 4 H l= + C„H 14 + 2C 



Fig. t Oil Gas Plant. 


In making oil-gass, a thin stream of oil is allowed to flow into a cast-iron 

retort heated to dull redness (Fig, 7). The cracking of the liquid hydro- 

carbons occurs wtth production of gaseous hydrocarbons, methane 

ethtane, ethylene etc. The gas is first passed through a scrubbing bex’ 

which retains the tarry matter present in it, and is then collected in 
gas-holders. 


Large quantities 
forcing the fuel oil thr 
the product 


of cracked gasoline are nowadays obtained 
ough pipe coils set in a furnace, and fractional 


by 

n 8 























CHAPTER 8 


UNSATURATED H V D R OCA R BO NS 


1. An unsaturated hydrocarbon is one in which the maximum 
combining capacity of one or more pairs of carbon atoms i3 not fully 
utilized. There are two chief homologous series of unsaturated 
aliphatic hydrocarbons, one represented by ethylene, C„H 4 , and the 
other by acetylene, C 2 H.,. 

2. Ethylene, Ethene, H 2 C=CH 2 . 

- Occurrence. Ethylene occurs to the extent of about 5 per cent 
in coal gas from the coking ovens. It is also present in wood-gas. 

Preparation. (1) From Ethyl Alcohol. In the laboratory, ethylene 
is usually obtained by heating a mixture of ethyl alcohol and concen¬ 
trated sulphuric acid to about 1C0°. The reaction has been shown 
to take place in two stages : First, ethyl hydrogen sulphate, 
r.H.HSO*, is produced, which decomposes to give ethylene and 
sulphuric acid : 

CV.H .OH -+- H .SO, f ^C.,H j .HS0 4 + H 2 0 
C_,H,.HS0 4 ^ C_.H 4 + H..SO, 

Expt I. A mixture of 30 ml. of ethyl alcohol and 75 ml. of concentrated 
sulphuric acid and enough sand to form a thin paste is placed in a large size, round- 
bottom flask provided with a delivery tube and a dropping funnel (Fig. 1 )• The 
stem of the latter should be drawn out to a fine point and slightly bent so chat it 



rm il<l be kent filled with liquid and thus prevent uie escape 01 me miuugu 0. *-y 

Obiict of adding sand to the mixture in ‘the flask is to prevent frothing The flask is 
h t 1 on . sand bath, until a steady stream of gas is evolved (100 —i 65”C). When1 1 
evolution of gas becomes slow, a further supply may be obtained by dropping J mature 
eq, a volumes of alcohol and concentrated sulphuric acid. I he evolved g-' 

» ivitli ilcohol and ether vapours, carbon dioxide and sulphur dioxid- * 

? ° first throuRh a cold, empty wash-bottle, in order to condense alcohol 

there! p-- ri, M , throunh one or more wash-bottles containing a solution of 

“iSlum 1.' carbon dioxide and sulphur dioxide. The gas thus 

ethylene, free from carbon 

‘ ’ almost unlimited amount of the alcohol can be 


continuous, an fwmuov ..•« 

decomposed by a relatively small amount of phosphoric acid. 
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Expt. 2. About 50 r ml. of syrupy phosphoric acid (sp. gr 1*75) are placed in 
;a 250 ml. distillation flask provided with a dropping funnel (the stem of which is 
-drawn to a fine point reaching to the bottom of the flask) and a thermometer (the 
bulb of which dips in the acid). The flask is heated on a sand bath, until the 
temperature rises^ to 220° and then a quantity of alcohol is run in very slowly. 
The evolved gas is passed through a wash-bottle surrounded by ice, in order to 
•condense water, alcohol and ether vapours, and is then collected over water. 

^2) From Ethyl Bromide. Ethylene may also be produced by. 
heating ethyl bromide with an alcoholic solution of potassium hydroxide. 
The reaction involves the removal of a molecule of hydrogen bromide :— 

CH 3 .CH„Br+KOH-> H 2 C = CH 2 -fKBr-f-H 2 0 

Ethyl bromide Ethylene 

(3) From Succinic Acid. Ethylene is also produced when a 
•concentrated, aqueous solution of potassium succinate is submitted 
to electrolysis (a-.odic oxidation of anion) :— 


H„C.COOK 


H„C.COO 


H„C.COOK 

Potassium Succinate 

H 2 C.C00" 

I • • • 

H.,C.COO~ 


2K+ 


KLC.COO 


H..C 


H 2 C 


-I- 2CO, + 2o 


■et h r f ,T in the preparation ° f 

■diffe^mcthTds :- thylenC iS prCpared °" a lar * e sca!e by three 

passing alcohol vapour through a heated tower filled with 

kaolin (chi„a P oTa S ^r“La^UO^) thr ° Ugh tUbeS °° nt “ inin g 

thrioghhlated", 1 888 regi °"' by ethane b y P—«»g it 

• 0 2 H 0 ->C 2 H, + H„ 

otlirr hy f ,C ^ 1 Pr ° P ? rt - eS ' Eth y 1 *'ne is a colourless gas, having a faint 

•ffllr 1 * 18 SParingIy SOl " bk *» t't 

Chemical Properties. (l) Combustion . Ethylene burns 
a luminous flame, and, like other hydrocarbons forms an ^1 f 
mixture with air or oxygen: v ’ Iorms an explosive. 

- C 2 H 4 +30 2 2C0„ -f 2H z O 

•'.C-'-H. t H . H.C.CH, 

Ethylene Ethane - ' 

-a®;“ * tsi a- 


uj uomoustion. Ethylene burn* «.«+ u 
a luminous flame, and, like other hydrocarbons forms an ^1 ' 

mixture with air or oxviror. • v ’ ° ms a « explosive- 
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other substances are called addition compounds, or additive compounds^, 
while those produced from a saturated compound by substitution 

are known as substitution products. . 

The addition of hydrogen to an unsaturated compound in the 
presence of finely-divided nickel is known as x hydrogenation. It is of 
great commercial importance, for with its help liquid oils (which, like 
ethylene, are unsaturated) are converted into solid fats (which are 
saturated). The manufacture of artificial ghee is based on this reaction. 

(3) Combination with Halogens. Ethylene combines directly with 
chlorine, bromine and iodine, yielding dihalogen addition products , e g. r 

CH, CH,Br 

II + Br a -* | 

CH a CH 3 Br 

Ethylene Ethylene bromide 

The decolorization of bromine water is characteristic of all unsa¬ 
turated compounds, and is employed as a test for unsaturation. 

(4) Combination with Halogen Hydrides. Ethylene combines readily 
with hydrogen iodide, and less readily with hydrogen bromide, yielding 

alkyl halides : ' 

* H,C=CH,-f HI -> CH 3 .CH,I 

Ethylene Ethyl iodide 

(5) Combination with Hypochlorous Acid. Ethyiene combines with, 

hvpochlorous acid, in dilute aqueous solution, yielding a cholorohydrin. 

H,C = CH, + HOC1 CHoCl.CHoOH 

Ethylene chlorohydnn 

(6) Combination with Sulphuric Acid. Ethylene is readily absorbed 
by concentrated sulphuric acid with the formation of ethyl hydrogen 

sulphate: CH H .HSO. - CH 3 .CH s .HS0. 

Ethyl hydrogen sulphate 

If the resulting liquid containing ethyl hydrogen sulphate be heated, 
ethylene is set free : 

C»H 5 .HS0 4 -> C..H* + H.,SO 4 

ss.frE^» » 

* ssssru n ...^ b »'5t„s-r a J'sa.'K 

ethyl alcohol. This is brought about by H 

ethyl hydrogen sulphate with water and boiling . 

C.HjHSO.4 H OH - C 2 H 5 OH +H,SO. 

- Ethyl hydrogen Ethyl alcohol 

It is thus possible 1 * to *effect the .ndirect addition of the elements of 

’TR-tSar- r.. r c-. r 


CH, 

II 

ch 2 

Ethylene 


-f H a O + O 


CH,OH 
CHoOH 

Ethylene glycol 
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The decoloriz-ition of Baeyer’s reagent in the cold constitutes another 

delicate test for unsaturation. . 

(8) Combination with Ozone . Ethylene combines directly with a 

molecule of ozone, yielding an ozonide : 

H 2 C 

II +O s -> 

H 2 C 

Ethylene 

Expt. 3 . (a) Ignite a cylinder of ethylene. Notice that it burns with a bright flame. 

(6) Invert a jar containing ethylene over another containing chlorine. Notice 
that the colour of chlorine soon disappears with the simultaneous production of oily 
drops of ethylene chloride. 

(e) Repeat the above experiment, using bromine vapour instead of chlorine. 

(d) Pour some bromine water into a jar of ethylene, and shake. Notice that the 
colour of bromine disappears. 

(e) Repeat the above experiment with a dilute, alkaline solution of potassium 
permanganate. Notice the decolorizatiou. 

Uses. (1) Ethylene is now being used instead of acetylene for cutting 
and welding. Though inferior to acetylene as far as the flame temper- 
ature goes, it has a distinct advantage over the latter in that it oan be 
stored and transported in cylinders under high pressure without danger 
of explosion. 

(2) It is also finding an extensive use in the fruit industry. Fruit is 
gathered and transported before it is fully ripe. On its arrival, it is 
kept lor a few days in an atmosphere containing a small’ proportion of 
ethylene, which rapidly develops the colour and completes the ripening 
process. 

(3) In recent years, ethylene has come into large use as an anaesth¬ 
etic in place of ether 

(4) Large quantities of ethylene are used in the preparation of 
ethylene glycol, ethylene chlorohydrin, ethylene chloride and during war 
time, of mustard gas. 



3. Constitution of Ethylene. The constitution of ethylene is 
based on the following considerations : 

(1) The molecular formula of the hydrocarbon, as determined by 
the method described in Chapter 5, Section 8, is C a H 4 . 

(2) As in the case of ethane, the two carbon atoms must be directly 
linked together. Hence, the ethylene molecule may have one of the 
following two atomic arrangements : 

H • H H 

Ml • i I 

(•) —C-C— or (ft) H—C- C— H 

II 'll 

_ H H . H 1 

Each of these formulae would account for the addition of two mono¬ 
va ent atoms or groups to the molecule. Thus the addition of chlorine 

Y\ W™ 3 pr °f.? c !.( ethylene chloride )> which would possess one ot the 
following constitutions r 

H H 


H Cl 


(fit) Cl— C—C—Cl 

' i 


or 


(iv) H—C—C—H 
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(.S) When acetaldehyde, a compound whi.h has been shown to pos¬ 
sess the structural formula 0H 3 . CHO, is treated with phosphorus 
pentachloride, its oxygen atom is replaced bv two chlorine atoms. 
The resulting compound, called tthylidene chloride, must, therefore, 
possess tho btiueture CH ;I CHC1 2 , if., formula (»r) given above. 
Hence, ethylene ehloiide (which is isomeric with ethylidene chloride, 
but possesses different properties) must be given the alternative stiu- 
cture (iii). The ethylene molecule must therefore, have the atonic 
arrangement (/; and not yii j. 

(4) Now, formula (/) shows ethylene to possess “free” or unsatisfied 
valencies—a condition that appears to be impossible its shown by. the 
facts given below : — 

(a) The failure of nil attempts to isolate alkyl radicals such as 
—CH 3 , —C , H -, etc. 

(b) The impossibility of isolating methylene, CH S (the hypothetical 

first member of the ethyl *ne series), in which the two unsatisfied valencies 

must necessarily be a-sociatcd with one carbon atom. 

* 

(c) In formula (?) there are two “free valencies”. It. might be exp¬ 
ected that they could bo satisfied one m a fitne, bv the addition of halo- 
gens, ami a compound o' the formula XOH,_,—CH„— would, in that 
case, bo possiole. Actually, however, two halogen atoms are always 
added simultaneously with the formation of a completely saturated 
compound. 

For the reasons given above, it is supposed that in ethylene the two 
unsatisfied valencies of the carbon atoms satisfy each other, thus 



JOHNN FRIEDRICH WII.IIELM ADOLF VON BAEV ER 

(* s 35— 1017 ). 

Gorman chemist, who is well-known as the founder of the Strain Theory. 
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giving rise to what is known 

ethenoid linkage : 

H 

I 

H—C . 

H—C 

I 

H 


as a double bond, ethylene linkage, or an 

H 

I 


H 

—C 
• 


ch 2 


II 

or 

II 

H 

-c 


CH., 


i 

H 

Kfhvlcnc 


It is important to remombt r that the* doubb bond in ethylene, as 
in any other unsaturatod compound, is the point at which the molecule 
shows the maximum reactivity. This interesting fact <s explained by 
Baeyer by means of his strain theory 

it has been shown by Le Bel and vm’t Hoft that the four valency 
bonds of the carbon atom a re directed towards the t. ngular points of 
a regular tetrahedron, at the centre of which the carbon atom is sup¬ 
posed to lie. Baeyer pointed out that when two atoms get bound 
together by means of a double bond, the valencies concerned in the 
formation of the double bond must undergo a bending or distortion 
from their normal positions. A strain is thus set up in the molecule, 
which renders the double; bond easily attackable by reagents. The 
tension thus produced in the molecule may be conveniently represented 
by a pair of flexible wires (s-e Fig. 2). 

The mechanism of addition reactions that an unsaturated compound 
readily undergoes may be beautifully illustratid by means of atomic 
models, as in Fig. 2. The combination of ethylene (A) with bromine 
is here represented as being preceded by the rupture of the double bond, 
as shown at B. The product of the reaction is dibromoethane ( C ) which 
is a saturated compound having nomally directed valencies. 



FiS- 2. Atomic Model Representation of the Combination 

cf Ethylene with Bromine. 


Electronic Formula. 

under : 


The electronic formula of ethylene 


is as 


XL 


XT 


C : ; C * 

• • • • . i. • i 

d r blo K covale „ t 

a pair of electrons. The four 
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atoms by single covalent bonds, as in methane and elhane molecules. 

4. Homologues of Ethylene. Ethylene is the first member of a 
homologous series of unsaturated hydrocarbons, called the olefines. 
The general formula of this series is C n H 2n . The names of various 
olefines are derived from the corresponding saturated hydrocarbons 
by changing the terminal -an* to -ylene or -ene. A few of the simple 
olefines are : — 

Ethylene, or ethene. H 2 C=CH 2 

Propylene, propene, or methyl-ethylene, H.,C=CH. CH 3 

Butylenes, or butenes, C 4 H S 

Olefines, like paraffins, exhibit isomerism. Thus, there are as many 
as three butylenes ; viz , 

(1) Ethyl-ethylene. H 2 C=CH. CH 2 .CH 3 

(2) Symmetrical dimethyl-ethylene. CH 3 .CH=-CH.CH 3 

(3) Unsymmetrical dimethyl-ethylene, H 2 C = C(CH 3 ) 2 . 

5. General Methods of Preparation. The olefines are prepared by 
the following methods :— 

(1) By the dehydration of alcohols. This is effected by heating the 
alcohols with concentraUd sulphuric acid, phosphoric acid, or zinc 
choloride; e.g., 

CH 3 .CH 2 OH CH 2 =CH 2 4 H 2 0 

Ethvl alcohol Ethylene 

CH 3 .CH„.CH 2 OH -> CH 3 .CH = CH a 4 H 2 0 

jj-Propyfalcohol Propylene 

(2) By the rtmovol of a molecule of halogen hydride from an Alkyl 
Halide. This is effected by boiling the alkyl halide with alcoholic 
potash; e g., 

CH 3 .CH.,Br 4 KOH -» CH 2 =CH 2 4 KBr 4 H.,0 

Ethyl bromide Ethylene ' 

CH 3 .CH„.CH „Br 4 KOH CH 3 .CH = CH 2 4 KBr 4 H 2 0 

Propyl bromide Propylene 

(3) By the electrolysis of concentrated solutions of potassium salt of 
dibasic acids of the succinic series , e.g., 


H„C. COOK HOH 

I + 

H 2 C.C00K HOH 

Potassium succinate 


H C 

*11 4 2C0 2 4 2KOH -} H 2 

H.,C 

Ethylene 


CH 3 CH.C00K HOH CH 3 CH 

3 | + _> ji 4 2C0 2 4 2KOH 4 H,. 

CH 3 .CH.C00K HOH CH 3 .CH 

Potassium salt ot s-Dimethyl 

dimethvlsuccinic acid etnylcne 

In this reaction, a mixture of the olefine hydrocarbon and carbon 
dioxide is evolved at the anode, while hydrogen and potassium hydr¬ 
oxide are produced at the cathode. 

6 General Properties. As in other homologous series, the members 
of this series show a gradual change in physical proijer-t.es w.th tln 
increase in carbon atoms. The lower members un to C 4 H., are gases, 
the following fourteen or so are liquids, while the hl gJ; er . ° , ho , 

solids. Olefines, like other hydrocarbons, are readily soluble in alcohol 

or benzene and practically insoluble in water. 


CH ;i .CH.COOK 

Potassium salt ot 
dimethylsuccinic acid 


4 2C0 2 4 2KOH 4 H 
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All the olefines contain a double bond in their molecule, and gi\e 
additive compounds with hydrogen, halogens, halogen hydrides, sul¬ 
phuric acid, ozone, etc., in exactly the same manner as ethylene. 

7. Acetylene, Ethine, HC es CH. 

Occurrence. Acetylene occurs in coal gas to the extent of about 
0 06 per cent. When a Bunsen burner strikes back, the gases formed 
contain up to 0 8 percent, of acetylene. 

Synthesis. Acetylene was firBt hydrogen 

synthesized by Berthelot in 1859 
by Bparking carbon electrodes in 
a current of hydrogen (Fig. 3) 

2C -f H., —» CoH 2 . t urn 

Preparation. (1) From Cal¬ 
cium Carbide. Acetylene is 
most readily prepared by dropp¬ 
ing water on calcium carbide: - ‘ 

Fig. 3. Synthesis of Acetylene from 
Carbon and Hydrogen. 

.C CH 

Ca; HI 4- 2H.OH -» Ca(0H) 2 + |l) 

X C CH 

Calcium carbide Acetylene 



The gas evolved from the commercial carbide is contaminated with 
ammonia, hj-drogen sulphide and phosphine. It may be washed with 
an acid solution of cupric sulphate, which removes the above im¬ 
purities. 


Expt. 45. Fit up the apparatus 
shown in Fig. 4. Place a layer of sand in 
the filtering flask, and cover this with a 
few pieces of calcium carbide. Place a 
solution of cupric sulphate, acidified with 
hydrochloric acid, in the gas washing 
bottle. Admit water slowly through the 
<lroppins funnel, and collect the evolved 
gas over water. 

(2) From Ethylene Bromide. 

When ethylene bromide, C 2 H*Br 2 , 
is heated with alcoholic potash, 
it loses two molecules of hydrogen 
bromide, yielding acetylene (com¬ 
pare formation of ethylene from 
ethyl bromide, p. 65) :— 



Fig. 4. Preparation of Acetylene 
from Calcium Carbide. 


CH„Br 

I -f 2KOH 

CH 2 Br 

Ethylene bromide 


CH 

► H 

CH 

Acetylene 


-f 2KBr + 2H a O 


cas ( or ptbcZ aC6 l ylene durin g incomplete combustion of ooal 
gas or ether may be shown by means of the following experiments. 
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.**{**• 5 * L ‘ 8 h 5 a Bunsen burner at the base, and asairate the -renting oases; 

through a Drechsel bottle containing some ammoniacal cuprous chloride iLlfition 

(Fig. 5 )- It will be observed that a reddish- 
brown precipitate of cuprous acetylide is formed . 

Expt. 6. Pour som» ammoniacal solution 
of cuprous chloride into a wide boiling-tube, 
and then add a little ether. Light the ether at 
the mouth of the tube, and. while it is burning, 
hold the tube in a slanting position and give i: 
a slow rotatory motion. It will be observed 
that a precipitate of cuprous acetylide is form¬ 
ed in this case also. 

dene is also formed when a 
solution of the sodium or potassium 
salt of fumaric or maleic acid is 
submitted to electrolysis, (anodic oxida¬ 
tion of the anion) ;— 

CH COOK CH.COO" 

II II + 2K> 

CH.COOK CH COO" 



CH.COO 

I! 

CH.COO 


CH 

HI 

CH 


2CO, + 2e- 


This reaction is analogous to that used in the preparation of ethane 
from an alkali acetate (Cliapt. 7, See. 3) 

Physical Properties Acetylene is a colourless gas, which, when 
pure, lias a peculiar ethereal smell. The objectionable odour of the 
gas prepared from the commercial carbide is due to impurities, especially 
phosphine. Water dissolves about 1 volume, alcohol (5 volumes, and 
acetone 25 volumes of tin* gas under the ordinary conditions. 

Caution Acetylene cannot be safely stored under a pressure greater 
than 2 atmospheres, as it is then liable to explode violently by mere 
shock. In storing acetylene, advantage is sometimes taken of the fact 
that acetone can dissolve 300 volumes of the gas under a pressure of 12 
atmospheres. It is in the form of acetone solutions (which, unlike 
gaseous ac*tylene. are* not liable to explode) that acetylene is trans¬ 
ported in steel cylinder, when required for welding, cutting steel, etc. 

Chemical Properties. (1) Acetyleno is in unstable compound. 
When submitted to a pressure of more than 2 atmospheres and detonat¬ 
ed, it decomposes into itsclements with explosive violence . 

. C 2 H, -> 2C 4- H 2 

For industrial purposes, the gas is stored by forcing it into cylinders 
packed with briquettes soaked in acetone, which absorb 300 vols. of the 

gas at 15° and under 12 atmospheres pressure. 

(2) Acetvlene burns with a luminous, smoky flame When burnt 
From a jot with a very fine aperture . the flame is not smoky but c*™*’ 
inglv luminous. In an acetylene burner, the gas issues fi ro ”? \° ‘ ia 

dp •iiin«»s so arranged that the two fin-s treams of gas strike against 
each other to produce a flat flame. Side-holes are provided, throug 
which air is sucked in and gets mixed with the gas as it rushes> jj^oug 
the nozzle. The result is a flame that is non-smoky and high 1> ummou ^ 
Acetvlene is used for this reason in cycle lamps and for illummatir g 
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houses, etc , wlmre electric supply is not aviilable. 

The oxy-acetylene blow-pipe (Fig. 7) gives th-‘ hottest of a ll flames- 
(temp. — ?7^(FC j, and is used for welding, cutting and making hole.- 
in steel plates. 



ng 


u.w-acetvlene lore 


% ^ acetylene forms an explosive mixture with air. 

Expf. 7. (a) Light some acetylene contained in a gas-evlinder. Notice that it 

burns with a very smokv dame 

• • 

, Light the gas in an acetylene burner. Notice that the llame is of dazzlin • 

brilliancy. ® 

(3) Addition Reactions. Acetylene, like ethvlene. is an unsatnrated 
compound, and sme? it contains a triple bond. /. c. four unsaturated 
valencies, it combines with four monoval nt atoms or groups the 
reaction taking place in Uto step* as in the following cases 
<0 Combination with Hydrogen : 


h,c=ch, 

Etli vie nc 


-r U> 

hc=ch 

Acetylene 

00 Combination with Halogen* : — 

CH -Mir. CHBr 

-> II 

CHB: 


+ H.. 


CH.,.CH ;i 

Ethane 


CH 

Acetylene 


Acetylene 

dibromide 


* Hr - CHBr, 


CHBr, 

Acetylene 

tetrabromidc 


-r HBr 


CH , 

! 

CHBr, 

EtUylidcne bromide- 


(iii) Combination with Halogen Hydrides .- 
OH +HBr ppj 

III ii 2 

CH ^-CHBr 

Acetylene Vinyl bromide 

It should be noted that in the second staee of tl,« , 

halogen atom goes to that carbon atom which eifrie- tlJ f ?, U ° n 10 
of hydrogen atoms (MarkownikofTs rule) * ' m ° C> nuni )er 

(t'r) Combination with. Sulphuric Arid r :i. ,, , 

is absorbed bv sulphuric acid •— L U eth .V | ene, acetylene- 

CH 

b +2H,S0 4 -* CH 3 .CH(HS0 4 ), 

Ethylideue hydrogen 

m, sulphate <- 

When the solution is diluted with water, and then distilled, acetalde- 
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hvde passes over :— 

CH 3 .CH(HS0 4 ) 2 -f H,0 CH..CHO + 2H 2 S0 4 

Acetaldehyde 

The net result of ihe reaction, therefore, is the addition of a molecule 
• of water (compare conversion of eth\ lvne into ethyl alcohol, p. 66 ) :— 

HC=CH + H 2 0 -> CH 3 .CHO 

Acetaldehyde 

(r) Addition of Water. A more direct method of adding the ele¬ 
ments of water to acetylene consists in passing the ga 9 into warm, 20 
per cent sulphuric acid containing a little mercuric sulphate (catalyst) : 

HC—CH -f H„0 -» CH 3 .CHO 

Acetaldehyde 

This reaction is of great eommericil importance and is employed in 
the manufacture of acetaldehydi 

( 4 ) Polymerization. When acetylene is heated at a dull red heat, 
it undergoes polymerization, veilding benzene, C 0 H„. 

CH 


3HCsaCH 

Acetylene 

* 

(3 molecules) 



Benzene 

The reaction is of great theoretical importance, since it affords a method 
of passing from the aliphatic to the aromatic series. 

Note. The term polymerization refers to a chemical reaction involving the 
• direct union of two or more molecules of a substance to form a new compound, whose 
molecular weight is a multiple of that of the original substance. 

(5) Formation of Metallic Derivatives. When acetylene is 
passed through an ammomacal solution of silver nitrate, it produces 
a white precipitate of silver acetylide, C 2 Ag 2 : 

C 2 H 2 +2AgN0 3 -> C,Ag,+2HNO, 

HNO,4NH 4 OH -> nh 4 no s + h 3 o _ [ x2 3 

C\. H 2 + 2 A g NO 3 + 2 N H t O H ^ C A g-f 2 N H 4 NO 3 + 2 H 2 O 

Similarly, with an ammoniacal solution of cuprous chloride a brow¬ 
nish-red precipitate of cuprous acetylide. C 8 Cu„ is pr°duc^_ tl test 

The formation of these precipitates is employed ns a distinctive tes^ 

for acetylene, and serves to distinguish it from the hydrooar 
the ethylene and of the methane series. Further, since the 
are decomposed bv acids with regenration of acetylene, thei . r 

•*.also Utilized for the separation of acetylene from a mixture of 

hydrocarbons. 

C 2 Cu 2 + 2HC1 -> C 2 H 2 4 - 2C.1C1 

cl ,jr J 

■ carbon and formation of fumes of hydro*™ chlor'de h cont aining W.UJ 

Kiis 

'szissss 
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(d) Pour some ammoniacal cuprous chloride solution into another cylinder of 
acetylene. Notice the formation of a reddish-brown precipitate of cuprous acetylide. 

Uses. (1) As already mentioned, acetylene is used as an illumi- 
nant and in the oxy-acetvlene torch. 

(2) Acetylene is a synthetic agent of great importance. It can be 
readily obtained from its elements, and is very reactive. These two 
facts make acetylene almost indispensable in a large number ot 
“complete syntheses” of organic substances. The advent of cheap 
electric energy, derived mainjy from water-power, has made it possible 
to produce calcium carbide, and therefore, acetylene, veiy cheaply. 
Hence, the possibility of utilizing: acetylene for the manufacture of 
organic substances of economic value has recently attracted much 
aitention. 

The most important synthetic uses of acetylene are : 

(1) Conver-ion of acetylene into acetaldehyde ( p. 74 ), which in 
turn yields:— 

(t) Ethyl alcohol, by reduction : CH 3 CH0 + H,-> CH 3 .CH 2 0H, 

(it) Acetic acid, by oxidation : CH 3 CH0 A O ^ CH 3 C00H, 

(iti) Ethyl acetate, by polymerization in the presence of aluminium 
ethoxide (catalyst) : 


• 2CH 3 CH0 -» CH 3 C00C 2 H 5 

In addition to the above three compounds, a number of other 
important aliphatic compounds of simple constitution have been 
obtained from acetylene via acetaldehyde. More complex substances, 
such as artificial rxibber, have also been obtained by this means. 

(2) Conversion of acetylene into benzene at a dull red heat (p. 89) 
may some day prove to be of great commercial importance, though so 
far it cannot be said to possess any practical significance 

(3) Combination of acetylene with chlorine yields ccetylene 
tetrachloride, C 2 H 2 C1 4> which is used extensively as a solvent under 
the name of westron. 


Constitution. The molecular formula of acetyeene. ;>s determined by 
the method explained in Sec. 8, Chap. 5 is 
C„H 2 . Its constitution follows from its 
formation from ethylene bromide (p. 71), 
the two carbon atoms being linked to¬ 
gether by a triple bond. This view is 

su PP® rte ^ by the chemical behaviour Fig. 8. Atomic Representation 
of the hydrocarbon. The representation of Acetylene, 

of the acetylene molecule by atomic models is shown in Fig. 8. 

Electronic Formula. The electronic formula of acetylene is :_ 

H : C : : : C : H 



atoms are held together by a triple covalent bond, 
in the formation of which the carbon atoms have contributed ihr.l 

Sts xi:r - ■" 

Ihe following are the first four members of this series : 2 8 * 


c> 
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Acetylene, or ethine, HC = CH 
Propine, or methyl-acetylene, HC = C.CH 3 
Butine-1, or ethyl-acetylene HC = C.CH. 2 .CH 3 
Butine-2, or dimethyl-acetylene, C'H 3 .C 55 C.CH 3 

General Methods of Preparation. The following general 
methods are employed for the preparation of acetylene hydrocarbons : 

({) By the removal of two molecules of halogen hydride from the dihalo¬ 
gen addition products of olefines. This is effected, as usual, bv heating 
the halogen compound with alcoholic potash. 

° CH.Br CH 

2KOH —> i|) 

OH ,Br CH 

Ethvlcne bromide Acetylene 

0 h 3 .c 


2KBr + 2H 2 0 


CH ,,CHBr 

-u 2KOH -» 

CH.Br 

Propylene bromide 

Since the olefines can be readily 
reaction affords an easy method for 
acetylenes 


4- 2KB. + 2HoO 
CH 

Propine 

converted into dibromides, this 

the conversion of olefines into 


CH.. -4- Br> 


Alcoholic 

CH.Br KOH CH 


OH. 

Ethvlene 


CH,Br CH 

twuvicuv: Ethylene bromide Acetylene 

(2) From aldehydes and ketone■> by successive treatment with phosphorus 

pentachloride and alcoholic potash : 

PCI- -2HCI 

CH..CHO CH 3 .CHC1. 2 -> HC = CH 

Acetaldehyde Unsymmetrical Acetylene 

dichloroe thane 

PCI. -2HCI 

CH..CO.CH, CH 3 .CC1,.CH 3 CH C = CH 

Acetone 2 : 2-Dichloropropane Propiue 

(3) From complex organic substances by dry dislillatton. The presence 

of acetylene in coal gas is duo to this cause. 

General Properties. Acetylene hydrocarbons up to, C -H,, 

„ . - nr vnlatil“ liquids, with a pecu'iar odom. Hie 
are gase,, o. volant- liq^ hvdrocarbons . acetylene, are into- 

ZTnZtha carbon atom (e.y.. dimethyl-accty.ene, CH,. 

C = C.CH.,1 do not yield metallic derivative,. Ethy | e ne and 

V structural Relat,onsn^^ ion jf ( ^ h of the twn tlr b. 

Acetylene, and th , , bc imagined to lose an atom »f hydrogen, 

at6mS °' i Z e‘ h , a t a oTir Of unsatisfied valencies. These will no sooner 

come 

ulltxnt Tlrivative of ethane containing two atoms of hydrogen 
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less than the latter hydrocarbon. 


H 

I 

H 

| 

H 

H 

r 

H C 

1 

C H 

1 

C = 

I 

c 

1 

1 

H 

H 

H 

H 

Et bane 

Ethv 

lene 


El bane Ethylene 

The relationship of ethane and ethylene is fully supported by their 
version into each other. We have seen that ethylene may bo 
verted into ethane bv hudrnne-nntinn 


OH 3 

Ethane 


OOll .......... ...IV. VV.V.V- w U.iv- 1 . I I V Ub 

converted into ethane by hydrogenation. 

H 2 C = CH 2 + H„ -> H3C.CH3 

Conversely, ethane may be converted into ethylene by the following 
series of reactions :— 

OH., Hromination CH., Alcoholic KOH CH 2 

I -> I! 

CH 2 Br OH., 

Ethane Bromo-ethane Ethylene 

If the ethane molecule be supposed to lose two pairs of hydrogen 
ms (or the eth\ lene molecule oi.e pair) between the two carbon 
ms. a triple bond will come into existence with production of 

-4H CH - 2 H 


atoms 

atoms, a triple 
acetylene :— 

CH 3 - 4 h CH -;H CH 2 

OH 3 CH CH„ 

Ethane Acetylene Ethylene 

Hence, acetijlene , like ethylene, is a derivative of ethane containing foil 
atoms of hydrogen less than the parent hydrocarbon. 

Acetylene may be converted into ethane by hydrogenation whil 
™n S - nge Can b ° CffeCted thr ° Ugh the following' °se'ri"s o 

Treat with Br 2 
and then with 

CH 3 Alcoholic KOH CH 2 -f Br 2 

I -> II -> 

OH, CH 2 


Ethane 


CH„Br 

I ‘ 

CH 2 Br 

Ethylene 
bromide 


Alcoholic 
KOH 
——> 
-2HBr 


CH 


CH 

Acetylene 


relationship existing betwee 


Ethylene 

These interconversions prove the 
ethane and acetylene. 

w i?‘ the Parent Hydrocarbon of the Aliohatir c ot -io< 

&T sa a j** - «r ar 

Of this book can bT shownto l ° S ‘ Udy fa 1 
methane is ,he parent hydrocarbon of the aliphaWoTerte! “ 

°/^' er '^) H^Methane^anHbe^convertedTinu^eUHii* 116 !.^^^ *1”^ descent 

series of reactions :— hano through tho followin; 

CH. Er °“” CH Br SMSEo 

Methane Methyl ’bromide "* E^e ” 3 
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This is an example of passing up a homologous series, i.e., synthesizing 
a higher homologue from a lower homologue. 

The reverse change, i e., passing down the series, can be brought 
about through the reactions shown below :— 

Treat with 20% 

Alcoholic H2SO4 in presence 


CH 3 Bromination 

CH.,Br 

KOH 

CH 

of HgSO 

-> 

| 

-> 

IX 

- > 

ch 3 

CH 2 Br 


CH 


Ethane’ 

Ethylene 


Acetylene 



bromide 







Heat sodium salt 


Oxidation 


with soda-lime 


CH 3 .CH 0 

-> 

CH3COOH 

-> 

ch 4 

Acetaldehyde 


Acetic acid 


Methane 


QUESTIONS 

1. Describe the preparation and properties of ethylene and acetylene, and show 

how thev can be distinguished from each other. Write their full graphical 
formulae. (Ajmer, Inter., 1931 ) 

2. What do you understand by Unsaturation in organic compounds ? What 

reactions are characteristic of this state ? (Punjab, Inter., 191 7, *92°) 

3. Give two methods for the preparation of ethylene and contrast the 

General properties of ethylene with those of ethane. (Unit. Prov. Inter 19**) 

4. How would you prepare ethylene from ethyl alcohol? Draw a 

sketch of the apparatus you would use, and mention the important proper¬ 
ties of ethvlene. How can it be distinguished from ethane ? Give equa- 
tions (Untf Prov., Inter., 1934) 

5. Give the methods of preparation, physical and chemical^ 

uses^of a g^p^ the p ro p er ties of ethylene and acetylene. How are they prepared ? 

7 How would you separate and identify the components of a mixture o 
methane, ethylene, acetylene and carbon dioxide? Explain fully.the’ . 

the proems yoUnemploy^eaning of the flowing terms: (a) ^Additive product. 

(b) Double bond ^ ^^S-arb^^nd « nh. ofoxygen were enclosed in a eudiometer 
over mercury and exploded. After explosion and cooling the volume of gases;w 
reduced to ^ ml. On addition of caustic soda, there was further reduction to 5 • 

What is the*composition of the hydrocarbon ? (Ans. C2H4). (Punjab, Inter., 9 
10 How may the following conversions be effected ? • . 

fo Ethane into ethylene ; (Hi) Ethy ene into acetylene 

(if) Ethylene into ethane ; (iv) Acetylene into ethylene. 

How will you convert ethylene Into the following compounds ? 

(,) E?byle y n°e chloiohy<1 riJ ; (m) *° rn ? aldeh y d * ’ 

(it) Ethyl alcohol ; \ iV ) Ethylene S 1 / 00 *- . . 

Describe the reaction by which acetylene may be converted into . 

(i) Ethylidenc bromide ; (»»*) Benzene , 

, 3 —ip o f a«tyle»e ? Why 

•» iXSTMTSi “ 2S325 3 —n.— 

by reference to methane and ethane . } i 


IX. 
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CHAPTER 9 


HALOGEN DERIVATIVES OF HYDROCARBONS 

1. The halogen derivatives of the aliphatic hydrocarbons provide the 
most valuable starting material for the synthesis of aliphatic compounds, 
and, for this reason, are dealt with before any other class of derivatives. 

HALOGEN DERIVATIVES OF PARAFFINS 

2. Monohalogen Derivatives. These are derived from the paraffin 
hydrocarbons by the replacenidnt of only one hydrogen atom bv a 
halogen,atom. They may also bi regarded as esters of the halogen acids, 
and, for this reason, they are more commonly called alkyl halides. 

3. Formation of Alkyl Halides. Alkyl halides are obtained bv 
the following general methods :— 

(1) From paraffins, by the action of halogens in the presence of 
sunlight ; e.g., 

CH 4 -fCl a -* CH 3 Cl +HC1 

Chloromethane 
(methyl chloride) 

The reaction, however, is not suitable fer preparing alkyl halides, as it 

proeeds further to give mixtures of isomerides and higher halogen 
derivatives. ° 

(2) From olefines , by the direct combination with halogen hvdr- 

acids ; e.g., j e 

( C 2 H 4 -f-HI —> C 2 H,I 

- Ethyl iodide 

halidls Fr0m alcnhoU - by tlle action of halogen acids or phosphorus 

— CH.Cl + H a O 

Methyl alcohol Methyl chloride 

'"’ajftS., + PCI ‘ - .SjSfi-. + K>CI. + ho 

halogen is gradually added , Phosphorus halides: the 

the whotc is then warmed to complete the reaction P h ° 8 Phor«s, and 

sohltL :° m y SalphateS - hy the acMon of a metallic halide in aqueous 


in i 


(CH 3 ) 2 S0 4 -b KI 

Methyl suplhate 


CH 3 I -j- CH..KSO, 

Methyl iodide 4 


halides, viz. CH 3 Cb C * amTcH^Br a, ' de *‘ ° nly a few . of the alkyl* 

tions. The majority are colourless peasant** 3 Ul }, d . er ordil *ary condi- 
other esters, alkyl halides are practically insXfbi m?1liquids ‘ Like 
dissolve rn alcohol, ether, carbL disulph^nf,^^ 


SO 
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C,H,I +2H 

Ethvl iodide 


5. Chemical Properties of Alkyl Halides : 

i a ) Non-polar Character. Alkyl halid s differ characteristically 
from the m‘talic halides. As is w.ll known, the latter compounds react 
instantaneously with aqueous silver nitrate, yielding a precipitate of silver 
halide Alkyl' halides, on the oth-r hand, being non-electrolytes, either 
do not rea. t with silv r nitrate or the reaction proceeds very slowly._ 

if,) Substitution Reactions. It must not be concluded from (a) that 
the halogen in alkvl halides is particularly firmly bound. As a matter 
of fact the aliphatic halogen compounds are among the most reactive 
of all organic compounds. The halogen atom is easily removed and 
rcpliced' by other atoms or groups. This property renders them of 
great importune j in synthetic organic chemistry, as is illustrated by 

the f >llowin tr resection* *— , i j 

h) When an alkyl halide is treated with zinc-copper couple and 

alcohol or tin and hydrochloric acid, the halogen atoni is replaced by 

hydrogen with the production of the conespcndn g paraffin ; e.g., 

> C 2 H„ -4-HI 

Ethane 

r >) When heated with aqueous potash, the halogen atom is replaced 

by the hydroxyl group, with the production of an alcohol; e.g., 

PHI -*• KOH -> C,H,OH + KI 

Ethvl iodide Ethyl alcohol 

The conversion of an alkyl halide into an alcohol is an exam pie ol 

hydrolysis Th • term is applied to a reaction invoicing a doubl 

, bittern waiter II OH. and another substance the reaction taking place 

in <> r ° u P °f U " Ur ^ eU r r 7Zt 

^hh^ivsUof an alkyl halide by aqueous alkalies, the prnnary 

reaction is hydrolysis : — 

C,H,I + H.OH C 2 H,OH -f HI 
The alkali present simply serves to neutralize the halogen hydrne 
produced in the reaction^-- 

Ht + KpH KI 4 H 2 0 

and thus enables the reWTble reaction between the alkyl hahde and 

^ frrT rs'r ru 

W When .JX-aMe is heat d 
alcohol the halogen atom is r spine .-1 1,., an alk g 

—-“ssriz.., » 

ester e g , 
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CHgCOOAg + C fc H 5 I CH 3 COOC 2 H 5 + Agl 

Silver acetate Ethyl acetate 

(6) When heated with an alcoholic solution of ammonia in a sealed 
tube, the halogen atom is replaced by an amino group , with the produc¬ 
tion of an amine ; e.g., 

C 2 H 5 I + NH S —> CoHjNH 2 + HI 

Ethyl iodide Ethylamine 

(7) When heated with potassium cyanide, the halogen atom is 
replaced by the cyano group, with the production of an alkyl cyanide : 
e g.y 

" C 2 H 5 l + KCN C 2 H 5 CN + KI 

Ethyl iodide Ethyl cyanide 

This reaction is of great importance, as the alkyl cyanides are easily 
converted into carboxylic acids by hydrolysis with mineral acids or 
alkalies :— 


C 2 H 5 CN 4- 2H 2 0 -> C 2 H 5 C00H + nh 3 

Propionic acid 

The conversion of an alkyl halide into alkyl cyanide involves the intro¬ 
duction of an additional atom of carbon into the molecule. Hence ; it 
affords a means of ascending a homologous series. Thus, methyl alcohol 
(a derivative of methane) may be converted into acetic acid (a derivative 
of ethane) by the following series of reactions :— 

HI KCN H.OH 

CH s OH -» CH 3 I CH 3 CN CH a COOH 

Methyl alcohol Methyl iodide Methyl cyanide Acetic acid 

(8) When heated with silver nitrite, the halogen atom is replaced by 
the nitro group, with the production of a nitro-paraffin ; e.g., 

W + AgN0 * -* °2H,N0 2 + Agl 

Ethyl iodide Nitro-ethane 

(c) Other Reactions. The many-sided reactivity of alkyl halides and 
their use in Synthetic organic ohemistry is further shown by ttfe following 
reactions that they undergo:— 

(1) Conversion into Olefine Hydrocarbons. See Chap. 8, Sec. 4. 

, Grlgnard’s Reaction. When a dry ethereall solution of an alkyl 

produced • Wit * 1 ^ magnesium » a magnesium alkyl halide is 

<¥»>* + C 1 H 5 .Mg.Br. 

Ethyl bromide Magnesium ethyl bromide 

first discovered by Grignard, a French chemist, is of great 
are m!lrEl r ? nCe ' + T u he re8ultmg compounds, called Grignard’s reagents 
sibstences. “ P r °P»™ti°n of a Urge variety of organic 

add£L With T trtia n/ Amines. Alkyl halides undergo direct 
ion with tertiary amines, forming quaternary ammonium salts ; e.g., 

(£H 3 ) 3 N -f- CH 3 I —» (CH ) NI 
. J ri “ e ^ i ylamine Tetramethylammonium iodide 

given below 3 Thev^ll 6 ^* °^. tlle alk yl halides in common use are 

ing section Y Sh ° W * he ohemioal given in the preced- 


SYSTEMATIC ORGANIC CHEMISTRY 


[Chap. 9 


S2 


5. Methyl Chloride, or Chloromdhane, CH ,C1, is prepared by Grove s 
process : Methyl alcohol to which about half its weight of zinc chloride 
has been added, is saturated with hydrogen chloride. The mixture is 
then gently warmed over a water-bath, when methyl chloride passes over. 

CH ,OH - HC1 ^ CH ,CI + H,0 



VICTOR C.RIGNARI* I':' —• 

and.-. yu-onv. >" » I'M"" '"/‘‘‘I; '' „ , 1 >( . Las 

evaj.oiati< n of 'In- -.- "" a, l’ > ° , l 1 

burns with a green-* dg. d H un.-. • a j ( , n n. 

Uses M. thxl chlond. ,s pla.ad on tlo- market m tlmlu, 

" . ... .... ‘■ nJ 

(2) For the production ot low tempt-.atuus. pthane is preimr- 

6 Ethyl Chloride, C,H,Cl Kthy1 ehlor.de or ^Joro-ethan^ of 

cd by Grove’s process Absolute ale-bo to \vb c •. < b wit h hydrogen 

3S&E & -llTr^x c^ tcr ami a -ab ty tube (F* * 

-- Y,. e . | o rtotro«lucin R methyl group into a molecule. 
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C 2 H 5 OH + HC1 ^ C 2 H 5 CI + H z O. 

When the absorption of hydrogen chloride is complete the flask is 
gently heated on a water-bath. The alcohol vapour is mostly condensed 
in the reflux condenser, and the liquid flows back into the flask. From 
the top of the condenser the vapours are conducted into a flask contain¬ 
ing water (the inlet tube being her© cut off just above the surface of 
the liquid to prevent the back suction), and thence into a} soda-lime 



Fig. i Preparation oi Ethyl Chloride. 


tower. These serve to remove alcohol vapour, hydrogen chloride and 
moisture. The pure, dry ethyl chloride is then condeused in a U-tube 
immersed in a freezing-mixture. 

Properties. Ethyl chloride is- a colourless, sweet-smelling liquid 
boiling at 12'. The rapid evaporation of the liquid' causes intense 
heat absorption. For this reason, it is used as a local, anaesthetic. 


Use. On account of the property just described (i € .. of heat' 
absorption) ethyl chloride is employed as a local anaesthetic. 

7. Ethyl Bromide, C 2 H 5 Br, is readily obtained bv distilling a 
mixture of potassium bromide, ethyl alcohol, and concentrated sulphuric' 


KBr -f H 2 SQ 4 -» KHSO* 4- HBr 
C 2 H 5 OH 4 - HBr ^ C 2 H 5 Br 4 - HuO 

coarsely powdered potassium bromide. Connect the flask to a ifehiH ™w* 8 ™' °f 
bottoim q£ the water, in the receipt *** nd collects as a heavy,, oily, layec at 
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oil to stand over granular calcium chloride, until it becomes clear. Then decant 
it into a distillation flask, and redistil. Collect the fraction passing over at 37 0 —40°, 
and seal it in a glass tube. 



Fig. 2. Preparation of Ethyl Bromide. 

Ethyl bromide is a colourless, pleasant-smelling liquid (b.p 38°). 

8 Ethyl Iodide, C a H s I. is prepared by gradually adding iodine to 
a mixture of etlivl and red phosphorus, and distilling the reaction prod¬ 
uct from a water bath. 

2P 4- 3I 2 -> 2PI 3 

3C 2 H 5 OH + PI 3 3C 2 H 5 I 4-jr 3 P0 3 _ 

' 2P + 3I 2 -f 6C 2 H 5 OH 6C 2 H 8 I 4- 2H 3 P0 3 


Expt. 2. Preparation of Ethyl Iodide :— 

Materials required: Absolute alcohol, 25 ml 

* Iodine (finely powdered), 30 gra. 

Red Phosphorus, 3 gm. 

Procedure Place the alcohol and the red phosphorus in a 

,oo ml round-bottom flask (Fig. 3). Fit up the latter with 

a reflux condenser through which a stream of cold water is 

nassine Remove the reflux condenser for a moment, add 
passing. . » o{ iodine, immediately replace 

?he Sm r a efli con 7 eiLr\^ shake. Repeat the addition of 
smaU quantities of iodine in the same way. In case, during 
AAitirin of iodine the reaction becomes too violent 
& 'flask 6 under the tap, until the reaction has 

iubsid^d. When all ^^ h"*** ^’condenser. 

SS: f"o«rs 3 Keep 1 a^ream of cold water running 

Kp. Con-t it to a Uebig 
condenser and an adapter, as shown in Pig. 4 - Distil iron. 

into a small beaker. D is wrd the t p 1 Add about 

contents of tbe beaker mto the separating tu thoro- 

,o ml. of a dilute solution of caustic soda, 

flask. Add about one gram fl a sk. Allow to 

fit a well softened cork into the neck 
stand until the liquid is quite clear. 



Fig. 3 - Heating 
the reaction mixture 
under a Reflux 
Condenser. 
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Filter the clear liquid through a plug of glass wool into a dry, 50 ml. distillation 
flask. Be sure that none of the calcium chloride (solid or solution) goes along 
with ethyl iodide. Fit the distillation flask with a thermometer, connect the tube 
to a Liebig condenser, and distil the ethyl iodide. Collect the fraction boiling at 
71—73o c in a small dry bottle, and stopper the latter. 

Ethyl iodide is used in the synthesis of organic compounds in prefer¬ 
ence to ethyl chloride. The ease with which it can be handled and its 
greater reactivity more than make up for its greater cost. 

9. Dihalogen Derivatives. The dihalogen derivatives of the paraf¬ 
fins may be divided into two groups , according as the two halogen atoms 
are in union with the same or with different carbon atoms. The latter 
class is obtained by the direct combination of a halogen with an olefine 
hydrocarbon, 

CH 2 = CH 2 + Br 2 -> CH 2 Br. CH 2 Br 

Ethylene Ethylene bromide ', 

while the former may be prepared either from an acetylene hydrocarbon 
by making it combine with two molecular proportions of a halogen hydride. 

CH 52 CH + 2HBr-> CH 3 .CHBr 2 

Acetylene Ethylidene bromide , 

or from an aldehyde or a ketone by the action of phosphorus pentah&lide, 

CH 3 .CHO + PCI.,-> CH 3 . CHC1 2 -f- P0C1 3 

Acetaldehyde Ethylidene chloride 

On being heated with aquecous alkalies, the derivatives containing 
the halogen atoms linked to two different carbon atoms yield dihydric 
alcohols or glycols, 

CH 2 Br.CH 2 Br 4 - 2KOH CH 2 OH.CH 2 OH 4- 2KBr, 

Ethylene bromide Ethylene glycol 

while the other group yield aldehydes or ketones: 

H.OH ~H 2 0 

CH 3 CHBr 2 -» CH 3 .CH(OH ) 2 -» CH 3 CHO 

Ethylidene bromide Unstable Acetaldehyde 

H.OH —H a O 

CH3.CCI2.CH3-> CH 3 .C(OH) 2 CH 2 -> CH3.CO.CH3 

2, 2-Dichloropropane Dihydroxy compound Acetone 

(unstable) 

10. Dichloro-methane or methylene chloride, CH 2 C1 2 . This ccmpouud 
may be prepared by one of the following methods :— 

(1) By the action of phosphorus pentacbloride on formaldehyde, 

H.CHO + PCI, CH 2 C1 2 + POCI 3 

Formaldehyde Methylene 

chloride 

(2) By further chlorination of methyl chloride. 

CH 3 CI 4- Cl 2 CH 2 Cl 2 4 - HC1. 

(3) Bythe reduction of ohloroform by means of zinc-copper couple 
(compare preparation of ethane from ethyl iodide) : — 

CHC1 3 + 2H CH^Cl* + HC1 

Chloroform 

Properties. ( 1 ) Methylene chloride is a colourless liquid (b.p. 42°). 

(2) When submitted to hydrolysis, it yields formaldehyde, 

CHjjClj 4 - 2H.OH-» CH 2 (OH) 2 — $ H.CHO 

Unstable Formaldehyde 

dihydroxy compound 
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(3) O.i reduction with zinc-copper couple, it gives first methyl 
chloride and then methane : 

CH,CL + 2H -» CH 3 C1 + HC1 

Methyl chloride 

CH 3 C1 -f hH ' -» CH 4 4 - HC1 

Methane 

(4) On chlorination, it yitlds chloroform and finally carbon tet¬ 
rachloride : 

ch 2 €i 2 -» caci 3 -> oa 4 

"Methylene chloride Chloroform Carbon tetrachloride 

11. Dichloro-ethane, C 2 H 4 01 2 , exists in the following two forms: 

CH 2 Cl 

(l) Ethylene chloride, | , is prepared from ethylene bv 

CH 2 C1 

the direct addition of chlorine, 


CH t 


4 - Cl 


CHoCl 


CH 


ch 2 ci 


It is a colourless liquid boiling at 84°. When submitted to hydro¬ 
lysis, it gives ethylene glycol. 

' CH„C1 ‘ CH„OH 

| " 4 - 2 KOH -> I 4 - 2 KC 1 - 

CH 2 C1 ch 2 oh 

Ethylene glycol 

(2) Ethylidene chloride, CH,.CHC1 2 , is prepared by the action of 
phosphorous pentachloride on acetaldehyde, 

CH 3 .CHO +- PCI, -* CH,CHC1 2 4- POCf,. 

It is a colourless liquid boiling at 57. It differs from ethylene chloride 
in the fact that when submitted to hydrolysis it gives acetaldehyde : 

H OH —H 2 0 

CH 3 .CHC1 2 -> CH,.CH(OH),-» CH ; ,.CHO 

Ethylidene Unstableintermediate Acetaldehyde 

chloride product 

Prolong d treatment with chlorine converts both ethylene chloride and 
ethylidene chloride finally into hexachloroetbane C 2 Cl fl , while reduction 
with zinc-copper couple gives, in each case, ethyl chloride and 

finally ethane. „ 

‘ Constitution . The constitution 

H of ethylene chloride and that of 

H jia ethylidene chloride follow from 

r their respective methods of prepa- 

| S* 'x ration and behaviour on hydrolysis. 

H (. V ” 12. Trihalogen Derivatives. 

Of the trihalogen derivatives of 
[Set I " 'A paraffin hydrocarbons, the most 

1 important are: 0) Chloroform, 

CHCI 3 , and (2) Iodoform, CH1 3 . 

~ ' 13 Chloroform, or Trichloro- 

Fig. 4 reparation of Chloroform. ine thane, CHCI 3 . , . 

Preparation Microform is prepared both on 
in the labon.tary by distilling alcohol or acetone with blea y P 
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the bleaching 


trichloroace- 


•? too erams of bleaching powder are rubbed into a paste with about 400 
_ o of^ater and g placed in a wo-litre flask, fitted with a condenser and adapter and a 

4] 25 ml of alcohol or acetone are added and the mixture gradually 

recen er (Tig- 4 ) • 5 { h are any si ns of f ro tliing, the flame should be 

temporary^ removed until the reaction moderates. The heating is continued until 
;.oTS chlor™orrn kistiU over. The product is separated «ro.u he aqueous layer. 

The mechanism of the reaction in the oase cf alcohol is assumed to 

be as follows :— , , , . e 

Step /. Ethyl alcohol is oxidized by chlorine ol 

powder to acetaldehyde : 

CH :1 .CH„OH i CH 3 .CH0 

Ethyl alcohol Acetaldehyde 

Step II. The acetaldehyde gets chlorinated to 
taldehyde (chloral). 

CHo.CHO + 3C1 2 CCU.CHO + 3HC1 

Chloral 

Step HI . The chloral is hydrolysed by the lime present in bleaching 
powder to cloroform and formic acid, the latter oombining with lime to 
form calcium formate : 

CCl 3 .CHO 4 -H.OH CHC1 3 + HC00H [X 2] 

2 HCOOH+Ca(OHL (H000) 2 Ca+2H 2 0 
2CCl 3 .CHOd-Ca(OH ) 2 -> 2CHC1 3 4 - (HCOO) 2 Ca 
In the case of acetone, a similar explanation is offered :— 
OC<q ^ 3 Chlorination 0 C <™ 3 HOH + CH 3 COOH 

Acetone 3 Trichloro-acetoue Chloroform Acetic acid 

Preparation of Pure Chloroform. Chloroform prepared as above 
is generally impure. A convenient though expensive method of 
preparing pure chloroform consists in heating chloral or chloral hydrate 
with a solution of caustic soda . 


CCI 3 .CHO NaOH 
Chloral 


CHCI 3 

Chloroform 


+ HCOONa 

Sodium formate 


Physical Properties. Chloroform is a colourless liquid having a sweet, 
sickly odour and a sp. gr. of l*ft at 15°. It boils at (31°, and burns with 
a green-edged flame. It is soluble in about 200 volumes of cold water, 
to whicji it imparts a sweet taste. 

Reactions The more important reactions of chloroform are :— 

(1) Oxidation. Under the influence of air and light, chloroform is 
decomposed into hydrogen chloride and the highly poisonous gas 
carbonyl chlo : — 

CHCI 3 + 0 COCl 2 + HC1 

. / Carbonyl chloride 

W2) Hydrolysis. When heated with alcoholic potash under a refit 
condenser, chloroform is hydrolysed into potassium formate and pota 
sium chloride, which may be identified in the usual manner. 

CHC1 3 - 1 - 3H.OH-» HC(0H) s + 3 HC 1 

HC(OH) s -> HCOOH + H a O 

HOOOH 4- KOH-> HCOOK 4 - H„0 

_ HC1 4 - KOH-> KC1 4 - H 2 0 " Tx31 

CHC1 3 4 - 4KOH-» HCOOK 4 - 3KC1 + 2H,Q 


reflux 
s- 
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(3) Carbylamine Reaction. When a drop of chloroform is warmed 
with a drop of aniline and a few drops of alcoholic potash, a disgusting- 
odour of phenyl isocyanide or carbylamine, C 6 H 5 NC, is developed :— 

C 6 H 5 NHo + CHC1 3 + 3K0H C 6 H,NC + 3KC1 + 3H,0 

Aniline Phenyl isocyanide 

(4) Chlorination. When treated with chlorine, it gives carbon 
tetracliloridet, 

CHC1 3 + C) 2 -> CCl 4 + HC1 

Carbon tetrachloride 


(5) Reduction. When reduced with zinc-copper couple and alcohol, 
chloroform is converted sucessively into methylere chloride, CH 2 C1 2 , 
methyl chloride, CH 3 C1, and methane, CH 4 . 

Tests. Reactions (2) and (3) are both employed as tests for chloro¬ 
form. The latter is extraordinarily sensitive and will detect 1 part of 
the chloroform in 5,000 parts of alcohol. It is however, not conclusive, 
as it is also given by bromoform. iodoform, chloral, trichloroacetic acid, 
and other substances that yield chloroform in the presence of an alkali, 

In the case of reaction ( 2) a few drops of the products of hydrolysis, 
is tested for the chloride radical with silver nitrate ; the remainder is. 
then neutralized exactly and heated with mercuric chloride solution. 
The formation of a precipitate of mercurous chloride and metallic mer¬ 
cury shows the presence of a formate. 

Tests for Impurities. Chloroform for anaesthetic purpose must be of 
the highest degree of purity. When shaken with water, the aqueous 
layer should not turn blue litmus red, nor should it give any cloudiness 
with silver nitrate. Further, it should not turn yellow when agitated 
for one hour with concentrated sulphuric acid : if the colour obange 
occurs, it shows the presence of aldehyde, methyl alcohol, etc. 

Storing of Chloroform. To avoid of oxidation, (see Reaction 1), the* 
following precautions must be taken in storing chloroform for use as 


an anaesthetic :— ... 

(t) It is mixed with about 1 per cent, of ethyl alcohol which serves 

38 ^t^The bottles must be filled to the stopper. This serves to exclude 


air '(m) It is kept in the dark, or in bottles of amber colour. 

Uses. Chloroform is used :— 

n ) as an anaesthetic. . . . 

( 2 ) as a preservative for animal or vegetable infusions and 

deC ( 3 ) i0 as a flavouring agent to disguise the taste of nauseous medicines, 

3 n<1 (4) as a solvent for organic substances, both in the laboratory and 
industry. 

14. Iodoform, Tri-iodomethane , CHI 3 . laboratory and: 

on ETSra VA — of iodine, alcohol and 
sodium earbonat.1^^^ ^ +HC0 0Na + 5NaI +2 H 2 0 + 3C0 2 
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The mechanism of the reaction is assumed to be similar to that gWen 
above for chloroform. The intermediate compound mdal, CI 3 .CHO, 
analogous to chloral , has not been isolated. 

4. Preparation of Iodoform. 

Sodium carbonate crystals, 20 gni. 

Ethyl alcohol, or acetone. 5 gm. 

Water 60 ml. 

srlSSaSS-sss 

purified by recrvstallization from alcohol.^ . . , • 

(2) A modern method of preparing iodoform consists in electrohsn g 
an aqueous-alcoholic solution of potassium iodide and carbonate. 

Properties. Iodoform crystallizes in lustrous, yellow, sixsided 
plates, having a strong, characteristic smell, and melting at 11H. 
It sublimes readily, and is volatile at ordinary temperatures. It is 
insoluble in water, but soluble in alcohol and ether. T 

In its chemical behaviour, iodoform is similar to chloroform It. 
gives the carbylamine reaction, and is hydrolysed by caustic potash, 
yielding potassium iodide and potasium formate. On reduction with 
hydriodic acid and phosphorus, it gives methylene iodide, CH 2 1 2 . 

Use. Iodoform is much used in surgery as an antiseptic 

15. Carbon Tetrachloride. Carbon tetrachloride or tetrachloro- 
methane, CCl 4 , is obtained on a commercial scale by the chlorination of 
carbon disulphide in the presence of anhydrous aluminium chloride, iron 
or iodine (which act as chlorine carriers) : 

CS 2 + 3C1 2 CC1 4 + S 2 C1 2 

Sulphur monochloride (b.p. 138°), which is here obtained as a by-product 
is separated by fractional distillation. The carbon tetrachloride 
fraction is further purified by shaking with caustic soda and 
£ distillation. Carbon tetrachloride is a colourless liquid boiling at 

It is used on a large scale as a solvent, and in medicine for extermi¬ 
nating intestinal worms. The use of carbon tetrachloride in putting out 
oil fires is illustrated in the following experiment. 

_ * _ T»i___■___ *i ‘ » __ii . 


J AX illUO lo IUUOVLUWU HI VHV IVIJV v. 

Expt. 5. Place some kerosene oil in a small dish, and set fire to it. Now 
little carbon tetrachloride over the burning oil; the flame is at once extinj 


__ pour a 

a ;_• _ .1 


QUESTIONS 

1. Describe the preparation of Ethyl Bromide in the laboratory, and draw a neat 
sketch of the apparatus. Give the various important reactions of this compound. 

2. How may Ethyl Bromide be obtained from (a) Ethane, and (6) Ethylene and 
how could it be reconverted into these hydrocarbons? Explain, by means of structu¬ 
ral formula, the relationship existing between these three compounds. 

3. "Aliphatic mono-halogen derivatives provide a powerful synthetic instrument 

in the hands of organic chemist." Illustrate this statement by giving outstanding 
reactions of this class of substances. (East. Punjab Inter.. 1948.) 

4. Describe two different reactions by which it is possible to ascend a homolo¬ 
gous series. By what series of reactions may methyl alcohol be converted into ethyl 
alcohol ? 

5. What is the action of boiling, aqueous solution of potash on Ethyl Iodide. 
Would it make any difference if alcoholic potash is used instead of aqueous potash ? 

(Unit. Prov.» Inter., 1928) 
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o. Explain the meaning of the term hydrolysis. Give one example. 

(Ajmer. Inter., 1932) 

7. How is chloroform prepared on the laboratory scale ? What happens when 

it is acted upon with —(«) chlorine. ( b ) sodium hydroxide, (c) sodium hydroxide and 
aniline ? Mention the chief uses of chloroform. ( Punjab. Inter., 1947) 

8. If a small quantity of pure chloroform is exposed to sunlight in a large, colo¬ 

urless glass bottle, would the chloroform still remain pure, and if not, how would 
vou prove it ? (Unit. Prov. Inter.. 1925) 

9. Describe with necessary experimental details, the preparation of choloforin. 

What tests would you apply to identify chloroform ? What precautions must be 
observed in storing chloroform 'or use as an anastlietic ? 1 Punjab, Inter.. rpjj) 

10. What is Iodoform? How is it prepared in the laboratory, and how is it manu¬ 

factured commercially ? Describe its properties. What is the action on it of 
boiling alcoholic potash ? . (Unit. Prov. Inter., 192b) 

11 Describe briefly, giving equations, the reactions which take place between 

the following substances :— 

(i) A watery paste of bleaching powder and acetone : 

(if) Iodoform and caustic soda. {Unit. Prov. Inter., 1932) 

12. How will you bring about the following conversions ? :— 

(i) chloroform into formic acid ; 

(ii) chloroform into methane : 

(iff) chloroform into carbon tetrachloride : 

(ft/) Ethyl bromide into ethyl magnesium bromide. 

13. Write short’notes on — 

(f) Carbylamine reaction ; 

(ii) Grignard’s reagents; 

it gave a pungent bad smell. What was the substance . tPuniab Inter TOJO) 

1 Sg- £«.'J.S, m* CO, a. 4 ,- 0 ** 

Same rebuua, ^ . . .1 eii«r«r n tmte mul nitri' 


the 


H,0 : o*i,i -sa- 

^ C1 t c° ' 4 ositio„. and ,ha t do y o„ rc^d as the 

true formula of each compound ? ( Punjab . Inter., 1944 ) 

(C = J 2 ; Cl= 55*5 ; Ag = io8) 
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MONOHYDRIC ALCOHOLS 

I General. Alcohols are derived from aliphatic hydrocarbons by 

the replacement of one or more atoms of hydrogen by hydroxyl groups. 
They are termed monohydric, dihydric or tTihydnc, according to the 
number of hydroxyl groups present in the molecule 
tant series of monohydric alcohols is that derived from } 

hydrocarbons, and possesses the general formula,, LnH zn +or 

C n H 2 „+ 2 0. ... 

2. Nomenclature and Isomerism. The monohydric alcohols, like 
the monohalogen derivatives of paraffin hydrocarbons, are usually name 
after the alkyl group that they contain. The Geneva names are derived 
from those of the hydrocarbons by changing the terminal -t into- ol 
A third method consists in regarding them as derivatives ot methyl 
alcohols, CH 3 OH, or carbinol, as it is termed in this connection. 

Monohydric alcohols are divided into primary, secondary, and 
tertiary alcohols. The’ primary alcohols contain the monovalent 
group—CH 2 0H, the secondary alcohols contain the divalent group 

>CH0H, while the tertiary alcohols contain the trivalent group —C—OH. 

Hence they may be regarded as derived from methyl alcohol or carbinol , 
CH 3 OH, by the substitution of respectively one, two and throe hydrogen 
atoms by alkyl groups. 

We may now oonsider the number ef alcohols derived from the 
different paraffin hydrocarbons. Methane CH 4 and ethane, CH 3 .CH 3 * 
since they contain hydrogen only in one form of combination, give rise 
to only one monohydric alcohol each :— 

CH 3 OH, Methyl alcohol, methanol, or carbinol, 

CoH 5 OH, Ethyl alcohol, ethanol, methyl oarbinol. 

Propane, CH S CH 2 .CH 3 , gives two isomeric alcohols, of which one 
is primary and the other secondary :— 

(i) CH3.CHg.CH0 OH, Xortnal propyl alcohol, propanol-1 or ethyl 
carbinol. 

(ii) CH 3 .CH 2 .fOH).CH K , Isopropyl alcohol, propanol-2, or dimethyl 
carbinol. 

Normal butane, CH 3 .CH 3 .CH„.Cff 3 ,' gives rise to two (1 and 2), 

. ntr - 

and iBohutane, qjj 3 >CH.CH 3 , to two more (3 and 4) monohydric 

alcohols. Of these four butyl aloohols, two are primary, one 
secondary and one tertiary :— 


(1) CH 3 .CH 2 .CH 2 .CH 2 0H 

Normal primary butyl alcohol, 

1-Butanol, «-propyl carbinol 

CH 3 . 

(2) >CH.CH„0H 
CH3/ 

Isobutyl alcohol,2 methyl 3- 
propanol, isopropyl carbinol 

3. General Methods of Preparation. 


(3) CH 3 .CH 2 .CH(0H). CH :i 

Normal secondary butyl alcohol 
2-Butanol, methyl ethyl carbinol, 

CH ' 

CH 3 -SC.0H 

ch 3 / 

Tertiary butyl alcohol 
trimethyl carbinol 

Monohydric alcohols 
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Chlorination 


+ HI 


ch 3 oh 

Methyl alcohol 

CH 3 .CH 2 OH 

Ethyl alcohol 


derived from saturated hydrocarbons can be obtained by the following 
general methods :— 

(1) i?y the Hydrolysis of Alkyl Halides. When an alkyl halide is 
brought into contact with silver hydroxide, or boiled with an 
aqueous solution of an alkali hydroxide it is converted into an 
alcohol :— 

C 2 H,Br + AgOH -» C 2 H 5 OH + AgBr 

Ethyl bromide Ethyl alcohol 

Since the alkyl halides can be obtained from paraffin hydrocarbons 
by substitution, and also from the olefines by the direct addition of a 
halogen acid, the aliphatic alcohol may be indirectly produced from 
these hydrocarbons ; e.g., 

ChloriDation AgOH 

CH, -CH 3 C1-> CH 3 0H 

Methane Methyl chloride Methyl alcohol 

+ HI AgOH 

ch 2 =ch. —> ch,.ch 2 i CH 3 CH 2 OH 

Ethylene Ethyl iodide Ethyl alcohol 

(2) By the Hydrolysis of Esters. When an ester is boiled with an 
alkali, it is hydrolysed to give an alcohol :— 

CH 3 COOC 2 H, + KOH-> C 2 H 5 OH + CH 3 C00K 

Ethyl acetate • Ethyl alcohol 

The method is chiefly employed for preparing certain higher alcohols 
present in ethereal oils occurring in nature. The preparation 01 
glycerol from fats and oils is another important example 

3) By the Reduction of Aldehydes and Ketones. Aldehydes and 
ketones, on reduction with nascent hydrogen (sodium amalgam and 
very dilute sulphuric acid), give primary and secondary alcohols 

respectively ; e.g., 

CH 3 .CHO d- 2H-> CH 3 .CH 2 OH 

Acetaldehyde Ethyl alcohol 

CH 3 .CO.CH 3 + 2H-» CH 3 .CH(OH).CH 3 

Acetone Isopropyl alcohol 

(4, By the Reduction of Acid Chlorides and Anhydrides. These 

compounds when reduced with sodium amalgam and ver> 

sulphuric acid yield primary alcohols ; e J7-> 

CH.COCl H- 4H —> CH 3 .CH 2 OH + HU 

Acetyl chloride Ethyl alcohol 

(5) By the Action of Nitrous Acid on a ?£”****”&d^the 

a primary amine is treated with nitrous ac is produced. 

NH 2 group gets replaced by an OH group, and an alcohol I 

Thus ethylamine gives ethyl alcohol : 

C.HjNH. -» C.H.OH + N, + H.O 

( 6 ) By the fermentation of certain’ ‘' 9 " 

{ J C 6 H 12 O c -» 2 C 2 H,OH + ^U 2 

Glucose Etb>l Aco ° commercial 

This method, though not very general, is ot gre 

importance. colourless mobile 

4 . Physical Properties. Lower ^Icoh * a burning taste, 
liquids having a characteristic spirituous odour a 
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TTifrher homologues are tasteless and odourless. ....... 

In moTof the organic solvents, the alcohols are miscible in all 
-proportions. The first three members are soluble in water, but with 
the higher members the solubility rapidly decreases. 

General Reactions. All alcohols give the first four reactions describ¬ 
ed under methyl and ethyl alcohols. The reaction given in the Mowing 
section differentiate primary, secondary and tertiary alcohols from 

<another^ s ^ nction between primary, Secondary and Tertiary 

MC 0)°'Behaviour on oxidation. On oxidation, primary alcohols give at 
first aldehydes and then acids containing the same number of carbon 
Atoms as the original alcohol ; e.g.. 


OH.-CHaOH CH3.CHO CH,.COOH 

Ethyl alcohol Acetaldehyde _ Acetic acid 

Secondary alcohols give ketones containing the same number of carbon 
atoms :— 

ch:> choh -- ch:> co 

Isopropyl alcohoi Acetone 

Tertiary alcohols, since they contain no hydrogen directly linked to 
the hydroxyl-bearing carbon atom, do not readily undergo oxidation. 
On prolonged treatment with strong oxidizing agents, the molecule breaks 
up, yielding ketones and carboxylic acids, eaoh containing a smaller 
number of carbon atoms than the alcohol itself. Thus, trimethyl 
earbinol, (CH 3 ) 3 C.OH, on vigorous oxidation, yields acetone, acetic 
acid, and carbonic acid :— 


< OH 


CH 


+ 40 


3 


T ... 


££>C0 + CO, + 2H 2 0 (») 

Acetone 


CH. 

CH 


C< 


CH 

OH 


+ 80 


r < 0H 
• c ^O 

Acetic acid 



+ 2C0 2 + 3H 2 0 



In these reactions, an oxygen atom enters the molecule of a tertiary 
alcohol, attaching itself to the carbon atom carrying the hydroxyl group 
and driving out from the molecule either one alkyl and one hydroxyl 
group [{see equation (i) ] or two alkyl groups [see equation (it)] 

(2) Action of Hot , Reduced Copper. When the vapour of an alcohol 
is passed over reduced copper heated at 300°, different products are 
obtained according to the nature of the alcohol. If it be primary, it 
yields an aldehyde and hydrogen, 

CH 3 .CH 2 OH CH 3 .CHO + H 2 , 

Ethyl alcohol Acetaldehyde 

if secondary, a ketone and hydrogen, 

(CH 3 ) 2 CHOH (CH a ) 2 CO H 2 

Isopropyl alcohol Acetone 
and if tertiary, an olefine and water. 
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^>C(OH).CH 3 

Triinethyl carbinol 


CH. 

CH 


>C = CH 2 -f- H 2 0 


l 3 


Unsymmetrical 
dimethyl-ethylene 


(3) VictoB Meyer’s Metlwd. An indirect method of distinguishing 
between a primary, a secondary and a tertiary alcohol, is to first convent 
it into the corresponding nitroparaffin. This is done by treating the 
alcohol with iodine and red phosphorus, when an alkyl iodide is formed. 
The latter when distilled with silver nitrate yields-the corresponding 
nitroparaffin. 

The nitroparaffin, thus obtained, is dissolved in potassium hydroxide 
solution, sodium nitrite is added, the solution is acidified with dilute 
sulphuric acid, and then again made alkaline. The-production of a blood- 
red coloration shows it to be a primary, a blue coloration a secondary, 
and no coloration a tertiary alcohol. The distinction is based on the 
different behaviour of the corresponding nitroparaffins towards nitrous 

ftf'id * 

The primary nitroparaffins react with nitrous acid, yielding nitrollc 
acids, which dissolve in alkalies to give dark-red solutions : 


RC H 2 NO 


RC.NO, 


KOH 


RC.NO. 


0 NOH 


NOH • 

nitrolic acid 


NOK 

potassium salt 
(dark-red) 

The secondary nitroparaffins react with nitrous acid, yielding blue- 
colourd nitro-nitroso compounds, called pseudo-nitrols, which dissolve 
in ether to give blue-coloured solutions . 

RX- H-NO, ^ RsC.N0, + Hj0 
+ HO NO NO 

pseudo-nitrol 

The tertiary nitroparaffins, since they contain no hydrogen directly 
linked to the carbon carrying the nitro group, do no, react with nitrous 

id 

6 Methyl Alcohol, Methanol, or Wood Spirit,CH a OH 
Occurrence. Methyl alcohol occurs as methyl salicylate in oil o 
winter«'reen and as methyl benzoate m oil of cloves. 

Formation. Methyl alcohol maybe obtained by the foHowmg 

, C “'[ t AgOH Z CHIOH + Agl 

, . . \ ul Acdate When methyl acetate (or any 

othi^n^hTe-Oi^otrlifh an aqueous sohition of an alkaU 

“ yicldS n cH h 3 y Co“ + NaOH - ^H-COONa + M ol 

Methyl acetate When formaldehyde is treated 


(3) By Reduction 
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with nascent hydrogen (sodium amalgam and very dilute sulphuric acid) 

it gets reduced to methyl alcohol : 

8 H.CHO + 2H CH 3 OH 

Formaldehyde Methyl alcohol 

(4) By Action of Nitrous Acid on Methylamine. When methylamine 
dissolved in an excess of hydrochloric acid is treated with sodium nitrite, 
wo get methyl alcohol. The reaction occurs in two steps 

NaNO* + HC1 NaCI + HN0 2 

Sodium nitrite Nitrous acid 

CH 3 NH„ H- ON OH CHsOH + N 2 + H..O 

Methylamine Nitrous acid Methyl alcohol 
Manufacture. Methyl alcohol is manufactured by two different 
methods :— ,» 

(1) By destructive Distillation of Wood. The distillation of wood 
is usually carried out in large, horizontal retorts made of boiler plates 
(Fig. 1). The wood, after being cut into pieces of suitable size, is put 
into wire-work case mounted on wheels, which can be rolled in or out of 
the retorts as desired. The heating is effected by means of wood gas 
obtained during the process. As soon as the distillate begins to flow 
from the end of the condenser, the fire is tamed low, as over-heating 
causes a loss in volatile matter. Towards the end, the temperature is 
raised quite rapidly in order to drive out the heavy tars. The 
products of distillation are (»') wood gas consisting mainly of CQ^ CH* 
and H 2 , (ti) an aqueous layer, known as pyroligneous acid, which. in 
addition to a largo proportion of ‘ water, contains acetic acid, acetone, 
and methyl alcohol, and (Hi) wood tar. The residue consists of charcoal 



Fig. i. Plant for the Distillation of Wood. 

which is removed at the end of the operation when still hot, thus saving 
the heat of the brickwork for the next oharge. 

The pyroligneous acid, which forms the upper layer, is run off from 
the wood tar and distilled- The vapours are passed through hot milk 
ci lime, which retains acetic acid as calcium acetate, while the methyl 
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alcohol and acetone, together with water, pass on. 

The distillate, after being dehydrated with quicklime, is fractionated 
to obtain acetone (b. p. 56°) and methyl alcohol (b p. 65°). 

Expt. I Destructive Distillation of Wood. Fit up the apparatus shown in Fig. 2. 

Put some saw-dust in the test-tube, and heat the latter 

-i y by means of a burner. The distillate that collects in the 

bottle will consist of : (i) pyroligneous acid (upper 

layer), and (li) woad-tar (lower layen. The escaping 
li gas (wood gas) maybe lighted at the upper end of the 
r I 5 straight piece of glass tubing. The residue in the test- 
1 I 1 tube is charcoal. 

(2) From Water Gaft (Patart Process). 

Since 1923, large quantity of methyl alcohol are 
Distillation o f e wood.' Ve being produced synthetically The process 
consists in passing a mixture of watci gas (CO + H 2 ) and hydrogen 
under a high pressure (200 atoms), over a catalyst, consisting of zine 
oxide mixed with finely divided copper heated to 450° : 

CO + 2H 2 ?=* CH 3 OH . 

Physical Properties. Pure methyl alcohol is a colourless liquid, 
which boils at 05° It possesses an agreeable, wine-like odour and bur¬ 
ning taste, but is poisonous. Many cases of blindness or death have been 
caused by drinking mixtures containing methyl alcohol. Bindness ma> 

also result from prolonged exposure to its vapours. It is miscible with 

water in all proportions. 

ISTSaSr- Metallic Sodium When treated with metallic 
sodium (or potassium), the hydrogen of the hydroxyl group is replaced 

by the metay-^ oH + ^ ^ 2 CH 3 ONa + H, 

(2) 'Re^tTon ‘"with Phosphorus PentacMoriiTor TriMorids When 

CH s OH + PC1„ -* CH 3 CI + POCI, + HC1 

C »1 2S3SSK 

3 CH.OH + 2PC1 3 -» 3 CH 3 CI + P s O, + 3HC1 
methyl acetate:- H C1 CH 3 C1 + H,0 

3 Methyl chloride • 

The zinc chloride serves to remove the water produced in the 

reaction, and thus prevents the back reactron aoid (or any other 

organ ic^t^dd)' in^tdie ‘prt^ence^of ^concentrated sulphuric acid, it yieids 

methyl ^^COOH + CH 3 OH ^ CH 3 COOCH 3 + H,0 

The sulphuric acid serves to remove the ” att ^ P ™^“ ols and oc ;ds are called 

—r — 1 ^ and 
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methyl acetate are esters of methyl alcohol with hydrochloric acid and acetic acid 

reSP< j 4 )* V ^AcHon of Concentrated Sulphuric Acid. When methyl alcohol 
is heated with concentrated sulphur ic acid, methyl hydrogen sulphate. 
CH 3 HS0 4 , is first formed, which then reacts with the excess of methyl 
alcohol present to give dimethyl ether : — 

CH 3 OH -{- H 2 S0 4 CH 3 HS0 4 4 H,0 

Methyl hydrogen 
sulphate 

CH 3 .HS0 4 4 CH 3 OH CH 3 O.CH 3 4 H 2 S0 4 

, Dimethyl ether 

(5) ^Oxidation. When methyl alcohol is oxidized by means of cupric 
oxide, or by oxygon in the presence of platinum (catalyst), it yields 
formaldehyde :— 

2CH 3 OH 4 0 2 -> 2H.CHO 4 2H a O 

Formaldehyde 

The formaldehyde when treated with mild oxidizing agents {e.g., 
ammoniacal silver nitrate), gives formic acid :— 

H.CHO 4 O H.COOH 

Formic acid 

Constitution. Methyl alcohol is a monohydroxy derivative of 
methane. This is proved by the in ter con version of these compounds 
as shown below : — 



Chlorination 


Boil with 

H 

in presence 

H 

aqueous 

1 

— 0 —H 

1 

of sunlight 

X 

i 

?“ 

O 

NaOH 


-> 

i 

H 

Zn-Cu couple 

1 

H 

T— -- 

PCI 5 

and alcohol 


Methane 


Chloroinethane 



H 

„4- 


OH 


H 


Hydroxy-methane 
'—-— j. v^.« uuc) (methyl alcohol) 

by the*foHow^g^onsiclerations'^— °‘ methyl a ' C ° ho1 fa further -ported 

gen ( atomsTis G ]^pl acetT *^by 1 * 1 ^h e 1 ^me t* fl* ** ”*1 Wh °" ^ ° f the ^ro- 

must be in a different state of combinationTon^hp th,S hy< ? ro - en . atom 
above formula. fiom the rest, as shown in the 

wUk P o£7,l e T? l0ride ' ^ WMch the “W™ 

hydrogen atom must be Jinked to /arbou thrTu'g", 

b y th e e te f? r rtio„ Th 0 e f pr rt^ ca id b0 b r r dily det - ted 

differentiated from ethyl alcohol by^i) its lt mav 

test, and («) by its power to reduce the iodoform 

duction of an odour of formaldehyde (Expt. 2* Cml WUh th ® pro ‘ 
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Exot. 2 . (i) Warm a few drops of methyl alcohol with a little salicylic acid and a 
drop or two of concentrated sulphuric acid. Noitce the characteristic, fragrant odour 

° f mC (r 0 1 Repeat Expt 3 (Sec. 14). using pure methyl alcohol. No iodoform can 

be detected^^ ^ f ew drops Q { methyl alcohol in a bottle containing a layer of asbes¬ 
tos at its bottom. Heat a roll of copper gauze strongly in the oxidizing flame, until 
it gets covered with a film of black cupric oxide, introduce it. while still hot into 
the bottle, and cork the latter. Notice that the gauze is immediate y reduced. On 
opening the cork, the pungent charateristic odour of formaldehyde will be observed. 

Uses. v (l) The chief use of methyl acohol is as a denaturant for 

ethyl alcohol. . . , r ,, , , 

(2V About the same quantity is oxidized to formaldehyde. 

(.‘H 'Large quantities of methyl alcohol are used in the manufacture 

of dimethylaniline, dyes, drugs and perfumes. 

7. Ethyl Alcohol, Ethanol , CH 3 .CH 2 OH. 

Occurrence. Ethyl alcohol occurs naturally in the form of its 
esters with organic acids in many essential oils and fruits. 

Formation. Ethyl alcohol may be obtained by reactions analogous 
to those used in the case of methyl alcohol, namely: 

(U Hydrolysis of Ethyl Bromide (or Iodide): 

* C 2 H - Br 4- NaOH C 2 H,OH 4 NaBr 

(21 Hydrolysis of Ethyl Acetate:— 

(’H COOC H- - 4 - NaOH —> CH a COONa -4- C 2 H 5 OH 

( E ” 3 yl acetate ' + Sodium acetate Ethyl alcohol 

('.*) Reduction of Acetaldehyde:— 

CH 3 CHO 4- 2H CH ; ,CH 2 0H 

Acetaldehyde Ethyl alcoho 

(4) Action of Nitrous Acid on Ethvlamine: 

C 2 H s |NH 2 +ON OH -> CoH,OH 4 N 2 -r H 2 0 

Manufacture. Ethyl alcohol is ™ ntolIsLs'f^omtTe 

- — 

barley, corn and rico. 

The production of 

main stepsV ".(i) Ferm^r---- -, xdirectly sulriecteci to aiveu^.v 

ffl&rssrvjfs •** 

^Production of Alcohol FromSj^jY "S 

materials fermentation effect by lved>in the form of 

rOrnuces, see Sec. 10 ). The sugarwpwr y F ^ the -martufac' 
“molaaW-a dark-colouri-d.^' b ot he profitably extracted, 
t ure of cane sugar from which.the 8u ? a . ..pled and the mixture i> 
Molasses is diluted with wafer, veast u begin s to ferment and offer- 

tdaeed in a warm room. Ihc nqu dioxide In about 3 o to 4U 

vesce owing to slow evolution of carbon o.ox.dc thc formenr 

liolna', the action i. complete, Ch.n > » « a „ bjcc ,J to.distillatiw'. 
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from starch consists of two distinct steps: (t) conversion of starch into 
maltose (Saccharification), and (ii) alcoholic fermentation. 

(i) Saccharification. The conversion of starch into maltose is 
brought about by means of an enzyme, called diastase, which is pro¬ 
duced. during the germination of corn, and is also found in saliva and the 
pancreatic juice. The diastase is not used as such, but is employed 
together with the whole corn in the form of malt, which is most con¬ 
veniently obtained by the germination of barley. Barely is malted by 
allowing it to germinate in the dark at 15°, in layers about 5 inch 
thick. The germination is then stopped by raising the temperature, and 
the malt is crushed and extracted with water. The resulting liquid, 
known as malt-extract, contains diastase in solution. 

Potatoes, rice, maize, or unmalted barley are employed as the usual 
source of starch. They are rasped, or crushed, and then gelatinized by 
treatment with super-heated steam The resulting mass is mixed with 
water , and some malt-extract is added. The temperature is 
maintained at (50° to 62 C C, until the conversion of starch into maltose 
is practically complete (about 20 minutes). The liquid is then boiled, 
in order to stop the action of diastase. The conversion of starch into 

maltose, which is a hydrolytic action, is represented bv the following 
equation: 

2(C«H lo 0,> + * HoO -> a-C l2 H 22 0 11 

Starch Maltose 

Ihe process is known as mashing and the product as mash or irort. 
c u 9 an alternative, starch is converted into sugar (glucose) bv means 
of hot, dilute sulphuric acid or by hydrochloric acid. 

(C a H 10 O s )x + -tH ,0 -► xC n K v ,0 6 

. Starch Glucose 

(it) Alcoholic Fermentation. The saccharine liquid obtained bv either 

of the processes described under (*) is fermented by means of yea'st at a 

temperature not exceeding 33° C. The fermentation takes three to four 

1 T- Inlhe case of “™*sh”, the maltose present is 

yeastf P ° Sed ° ghlcose by the enzyme maltose contained in the 

Cr.H^O,, q- H.,0 2C 0 H 1 .,O r 

Maltose Glucose 

The glucose thus formed is at once decomposed bv zymase — another 
enzyme present in yeast—giving alcohol. ' * another 

C.H t „O 0 -* 2C 2 H 5 OH + 2CO. 

Glucose Alcohol 

evZ!o t ro“?a‘;l 0, ^ t o ^ d f r ,hi ^ ° f «*• *!»«* occurs, owing to tire 
phuHc acM ^hySS„^ a ^t 1 SaC 'i hari,ied b ' V of dil " te «1- 

by zymase, producing alcohol ’ 8 C ° S,? PreS<>nt ' S direotlv atta <*ed 

tha^U^ccnrof^ljholuanbW, d V'?’ »“<*«»*•*« »ot more 

in modern plants, is effected in ™i *, d praotlonal distillation. This, 

In great Britain the fr-^H V- 1 °“ e Ste P an< * continuously 

was patented by Aeneas 1 “ ^ C ?”u Y H'" (Fi ^' 3 ) which 

series of two fractionating columns knnm, ** consists essentiallj- of a combination in 

“ analyser* ’ (shown on *t£ Uftf fended int l”* 1 **** the The 

J S dlVldcd ) i S t 3 a . series of chambers by horizontal 

* 4 ‘ v 
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plates. P, perforated with holes and furnished with valves, l ; opening upwards. 
From each of these an overflow pipe /•', passes down and dips into a shallow cup. C, 
on the next lower plate. The cup holds a sufficient amount of liquid to form a hydrau¬ 
lic seal at the lower end cf each overflow pipe 1 he overflow pipes project about 
an inch or so above the perforated plates, thus determining the depth of the liquid 
layer on each plate. The lower half cf the 1 ‘rectifier . is also divided into chambers 
bv perforated plates, and is provided with overflow pipes. Through the chambers of 
the rectifier pass coils of pipe. .4 . through which the liquid to be distilled flows on its 

" a> The Coftev still works on the counter current principle. The liquid to be distihed 
passes downwards through the coils of pipes in the rectifier, where it gets heated 



Fig. 3. Coffey Still. 

(by steam and alcohol vapour) neaily to its b°iUng^oint f and^s the base oftbe 

the top of the analyser. Free steam from.abort..r » thc perforated 

analyser, and. passing upwards through the t: n « volatile substances present in 

plates, carries with it the vapour of alcohol and other v ^ an exchange of 

the fermented liquid. In each one of chambers th alc „ hol present in the 

constituents between the liquid layer Mid the vapo^ . ^ phase undergoes con- 

KS.3I; hqjdle.s progressively ggrUM*** ^ h enters 
The vapour of alcohol etc. passes out of the S "tically the whole of the 

water'vapotirgtds comien^d^by a^sutdkrt^acthm tef that^ttUung^place coldyfermented 

Uqui^ 1S °Hence C< only^ die'’.ItSSKSS ^ 

aseW^' ^ ' £rom about 00 to 96 

The raw spirit obtained by dl * tllla * ent8 the constant boiling 
percent of alcohol. The latter hm P 0 For industrial purple 

10 per cent of cru ^ d ^°'' f “‘“bblr diftUlate. The product, known a« 
methylated »» 
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HI Rectification. When required for internal use e.g. y for the 
preparation of spirits, pharmaceutical tinctures etc the raw synnt 
must be freed from the oily mixture of higher alcohols (know n ^ fusel 
oil 1 ), that it always contains, and from low-boiling impurities, such as 
acetaldehyde Formerly, fusel oil was removed from the crude spin - by 
dilution with water and filtration thiough charcoal, but at the present 
time fractional distillation is relied upon. The crude spine is submitted 
to careful fractional distillation in specially designed stills, and the tdic¬ 
ing fractions are collected separately : ■ • \ • a c 

(i) First runnings, i.e., low-boiling by-products consisting chiefly ot 

acetaldehyde. , , , 

(it) Rectified spirit, consisting of pure aqueous alcohol containing up 

to a maximum of 96 per cent ethyl alcohol. 

(tit) Last runnings, which consist of ‘fusel oil (see Sec. 9). 

8 Absolute Alcohol. By this term is meant alcohol entirely free 
from water. As alcohol forms a constant-boiling mixture with water, 
it is not possible to effect a complete separation of the two liquids by 
fractional distillation. Other mear s must, therefore.be adopted. In 
the laboratory, the dehydration is effected by distillation over quick¬ 
lime The last traces of moisture (about 0 5 per cent) may then be 
removed bv treatment with a calculated amount of metallic sodium 
followed bv redistillation. 


9. By-Products of Alcohol Industry. The important by-products 
of the alcohol industry are : — 

(1) Carbon Dioxide. During- the fermentation, large quantities of 
carbon dioxide are evolved. The gas is purified and compressed to the 
liquid state, and is sold either as such or in the solidified form for 
refrigeration purposes. 

(2) Head Products. The more volatile constituents (chiefly acet¬ 
aldehyde and volatile esters) present in the crude spirit pass over as 
“first runnings” or “head products” during the fractional distillation of 
crude spirit, and are collected separately. 

(3) Fusel Oil. This is obtained as the “lust running'' or l, tail pro¬ 
ducts" during the fractionul distillation of crude spirit. It consists 
of an oily mixture of higher alcohols that are only moderately soluble 
in water. 


The proportion of fusel oil in raw spirit is from 0 2 to 0 4 per cent, 
by volume. It may be increased by the addition of leucine and other 
amino-acids to the fermenting mash. 

Fusel oil fetches a much higher price per gallon than the alcohol it¬ 
self. It- is chiefly used in the production of commercial amyl alcohol 

which has numerous technical applications. 

(4) Spent Wash. The “spent wash,” i.e., the liquid from which the 
alcohol has been recovered by distillation, contains all the proteins 
present in the starting material. It is utilized as a cattle feed. 

(t?) Argol or Tartar. This consists of crude potassium hydrogen 
tartrate, which, being insoluble in aqueous alcohol, separates during 
fermentation of grape juice, as hard, brown crust. It serves as the 
raw material for the manufacture of tartaric acid 


1 Fusel oil and other impurities contained in the 
health. 


raw spirits are very injurious to 
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10. Fermentation and Enzyme Action. It is a matter of common 
experience that vegetable and animal matter, particularly when moist, 
undergoes certain slow chemical changes by which the highly complex 
substances get gradually decomposed into simpler and still simpler com¬ 
pounds, until finally, in most cases, carbon dioxide, ammonia and 
water are produced. Souring of milk and kneaded flour, produc¬ 
tion of wine and vinegar, rotting of wood and vegetables, and putrefac¬ 
tion of meat, etc., are well-known examples of the changes of the above 
type which are collectively called fermentation processes. 

Fermentation processes are brought about by certain living organisms 
called ferments. The action of ferments is due to the presence in their 
cells of complex nitrogenous substances called enzymes, which act 
catalvticallv 

The enzymes are extraordinarily -spedjic in their action as catalysts. 
They are very sensitive to temperature changes, and are usually des¬ 
troyed at about 70°C. The optimum temperature, i e , the temperature 
at which they are most active, lies between 25° and 3G°C. Fermenta¬ 
tion processes are exothermic in nature, the energy set free during the 
reaction is utilized by the ferment for its growth. 

The simplest example of fermentation is that of sugar by yeast to 
form ethyl alcohol, C 2 H 5 OH. The yeast cells (Fig. 50) contain a number 
of enzymes, two of which, called invertase and zymase, tre concerned 
in the alcoholic fermentation of sugars. The invertase first causes the 
hydrolytic decomposition of cane-sugar into glucose and fructose, which 
are then decomposed by zymase to form ethyl alcohol and carbon 
dioxide : — 


C, 2 H., 2 O n + h 2 o-> C.H 12 0. + c 8 h 12 o 0 

Cane-sugar Glucose Fructose 

C 6 H I2 O n -» 2C 2 H 5 OH + 2C0 2 

Ethyl alcohol 

Another familiar example is the lactic fermentation of milk. When 
a small quantity of curd (jag) is added to warm milk, the sugar 
present in the milk is converted into lactic acid by a certain species 
of bacteria called lactic bacilli. The lactic acid causes the coagulation 
of the albumen present in the milk, producing curd. On ke eping, 
the curd goes sour, as the lactic acid it contains ^ 


the curd goes sour, as me lactic aciu 11 . uuhuuuo 
is converted into butyric acid by the action of 
another ferment called butyric bacillus. The 
optimum temperature for the lactic fermentation 
is 34° to 35°C. : hence the necessity of adding 

the ferment to warm milk. 

A number of other examples of fermentation 

will be dealt with at their proper places. 





<§&GO 


II. Theory of Fermentation. Pasteur, 
who carried out exhaustive researches on the 

fermentation of sugar, held the view that rermentation is a purely 
nhvsioloffical action and is absolutely dependent upon the life processes 
Sf Jhe ^astcells Liebig, on the other hand, regarded the P“enon 
asbeimz of a purely chemical nature. Buchner earned out a sene 
of experiments to settle this point He submitted yeastto strong 
pressure, thereby disrupting the cell walls and obtain ng j • 
was filtered, to free it completely from adhering cells. The expressed 
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veast juice” thus obtained was found to set up fermentation like the 
firing yeast cells. He concluded that the yeast f cells “"tamed 
enzymes, or non-living, complex substances capa )le o >ringi g 
fermentation. The 'yeast cells are, therefore, ■'eapone.ble for 
fermentation in only so far as they generate enzymes Buchner also 
showed that the other fermentation processes, such as souring o 
milk, are not caused by the micro-organisms themselves but by the 

enzymes they contain. 

12. Properties of Ethyl Alcohol. Ethyl Alcohol is a colourless 
mobile liquid, having a pleasant, pungent odour. Absolute alcohol 

boils at 78-37°, and has a sp. gr. of 0 789 at 20 . 

Ethyl alcohol forms a constant boiling mixture with water. I Ins 

contains 96 per cent of alcohol, and boils at 78 3 C . _. 

In dilute solution, ethyl alcohol has a specific intoxicating effect 
on the system. The use of spirits and liquors is bas?d on this property. 
Ethvl alcohol is an excellent solvent for organic substances, such as 

resins and oils. . 

Ethyl alcohol burns with a pale blue, non-luminous flame. Its 
chemical reactions are analogous to those of methyl alcohol, and are 
as under :— 

(1) With metallic sodium it forms sodium ethoxide f— 


2C 2 H„OH + 2Na 


. 2C..H R ONa 4- H 2 

Sodium ethoxide 


(2) When treated with phosphorus pentachloride, PC1 5 , or 
phosphorus trichloride, PC1 3 , it gives ethyl chloride :— 

C 2 H 5 OH + PC1 6 -> C 2 H,C1 -f POCl 3 + HC1 
3C 2 H 5 OH 2PC1 3 -*■ 3C 2 H,C1 4 - P 2 0 3 4- 3HC1 

(3) Esterification. Ethyl alcohol reacts with various acids, yielding 
esters. Thus, in the presence of zinc chloride, it reacts with 
hydrogen chloride, yielding ethyl chloride :— 

C 2 H 5 OH 4- HC1 C 2 H 5 C1 + h 2 o ^ 

The zinc chloride serves to take up the water formed in the reaction. 
Similarly, with acetic acid it gives ethyl acetate, the reaction being 
canied out in the presence of concentrated sulphurip acid, whioh serves 
to “bind” the water formed in the reaction :— 


C 2 H 5 OH 4 - CH3COOH ?=£ CH 3 COOC 2 H, 4 - H..O 

Ethyl acetate 

(4) Reaction with Concentrated Sulphuric Acid. When treated with 
concentrated sulphuric acid, ethyl alcohol yields three products 
according to experimental conditions :— 

(*) When a mixture of equal volumes of the acid and the alcohol 
is heated at 100 °, ethyl hydrogen sulphate is the main product 
(esterification) : 

C 2 H s OH + H 2 S0 4 ^ C 2 H 5 HSO, 4 - h 2 o 

Ethyl hydrogen sulphate 

(w) If the alcohol be in excess and the temperature maintained 
at 140°, we get diethyl ether, C 2 H s .O.C 2 H 5 . 

Ifi on the other hand, an excess of sulphuric acid is employed 
and the temperature kept at 160—165°, the alcohol is mainly converted 
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into ethylene. The reaction takes place in two stages : 

C.,H a OH -{- H.,S0 4 C 2 H 5 HS0 4 + H,0 

c 2 h 5 hso 4 a c 2 h 4 + h.,so 4 

Ethylene 

Methyl alcohol does not undergo this last rerction. 

(5) Oxidation. Ethyl alcohol, like methyl alcohol, is a primary 
alcohol. When treated with potassium dichromate and sulphuric acid, 
it gets oxidized to acetaldehyde and then to acetic acid :— 

CH 3 .CH.,OH + O -► CH 3 .CHO + H 2 0 

Acetaldehyde 

CH 3 .CHO + o -» ch 3 .cooh 

Acetic acid 

Nitric acid oxidizes ethyl alcohol with explosive violence, producing, 
among ether products, acetaldehyde, carbon dioxide and water. 


13. Constitution. The structure of ethyl alcohol has already been 
discussed ( p. 42 ). The structural relationship between ethane and 
ethyl alcohol is further confirmed by the following interconversions : 

Broir.ination Hydrolysis 

H H in presence H H with aqueous H H 

I of AlBr 3 I I NaOH | j 

H-C-C-H , - > H-C-C-Brn- H-C— C—OH 

| | Zn-Cu-couple I I Esterification I ] 

H H and alcohol H H with HBr H H 

Ethane Bromo-ethane Hydroxy-ethane 

(Ethyl bromide) (Ethyl alcohol) 

14. Detection. Ethyl alcohol can be readily detected as in the 
following experiments :— 

Expt. 3. Idofomi Test. Warm a small quantity of ethyl alcohol with a crystal 
of iodine, and then add a solution of potassium hydroxide, drop by drop, until the 
iodine colour just disappears. A yellow precipitate of iodoform, possessing a 
characteristic odour, will separate out either immediately or after some time, mis 
test is given by several other compounds including acetone. 

Exot 4 Ethyl Acetate Test. Warm some alcohol with glacical acetic acid and 
concentrated sulphuric acid. A pleasant; fruity odour of ethyl acetate will be 


developed. . .. . . 

‘ 15 Estimation (Alcoholometry). The percentage of alcohol in a 

mixture of pure water and alcohol can he readily determined by noting 
the specific gravity of the mixture and then looking up the figure in a 
reference table For instance, if the specific gravity « found to be 
0 8605 at 15-5°, ieference to the lable would show that the sampl 
• contains 75 per cent of aleohcl by weight. 1 n case of beers, wines, and 
spirits the sugary and other extractive matters present influence the speoi 

fi P i gravity^Tsuchan extent that a direct determination of spe^fic 
^submitted'to^distinaHon^^nti^aboi^ ^ol ^‘T^diluted 

t^e^ 

SPe t°r revenue'purpoaes, ,he standard is pro* *£% 

Britain contains 49 3 per cent J " ei c 1 > According as they are 

alcohol. Spirits are termed under or f m .a „, 5 that 

weaker or stronger than proof spirit, thus, go over i 
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100 volumes of the sample contain as much of alcohol as 12o volumes 

if proof-spirit, whilst 25° under proof moans that 100 volumes of the 

sample contains as much of alcohol as 75 volumes of proof spirit. 

16 Alcoholic Beverages. Alcoholic beverages may be divided into 
two classes: (1) distilled beverages, and (2) undistilled beverages. Beer 
and wine are the chief undistilled beverages. 

Beer is made from barley, and is flavoured bv the addition of hops 
It contains from 3 to 6 per cent of alcohol and small quantities of 
dextrin, sugars, dissolved carbon dioxide, and other substances. 

Wine is made from the juice of ripe grapes by nieans of a species of 
veast which occur naturally in the bloom on the skin of the fruit itselt. 
Natural wines contain from 8 to 15 per cent of alcohol and free sugar, 
Fementation automatically stops with the attainment of 15 per cent 
alcohol content, owing to the inability of yeast to grow in solution 

containing a higher proportion of alcohol. 

In making champaigne, the grape juice is allowed to ferment in tight¬ 
ly closed bottles. The carbon dioxide, therefore, remains dissolved in 
the beverages, which consequently effervesces on the pressure being 


released. 

Sweet fortified wines, such as port and sherry, contain about 20 per 
cent alcohol. They are made in the manner above indicated, and the 
alcohol content is then made up by the addition of pure alcohol. Some 
sugar and flavouring agents are also added to impart relish. 

Another undistilled aIcoholic beverage is cider, which is made from 
apple juice by the action of yeast and other organisms occurring natur¬ 
ally on the fruit. It contains from 4 to 8% of alcohol. 

In making distilled liquors, the fermented liquid is subjected to dist illa¬ 
tion to increase the alcoholic content and to free the beverage from 
unpalatable constituents. They usually contain 40 to 50 per cent of 
alcohol. 

Whisky is made from barley, gin from maize and vodka from rye. 
Brandy is made by distilling wine and rum by the distillation of feimen- 
ted molasses. 

17. Uses of Ethyl Alcohol. Ethyl alcohol is put to the following 

uses :— 

(1) As already, mentioned it is a constituent of alcoholic beveraqcs ' 
used so extensively. 

(2) Alcohol is used as a solvent in the laboratory in making pharma¬ 
ceutical tinctures, and in the preparation of varnishes and lacquers. 

(3) It is also used as fuel in spirit lamps and spirit stoves. The use 
of alcohol as a motor fuel has attracted much attention. It is not 
sufficiently volatile to give proper starting in cold weather. This 
difficulty is overcome by using a mixture containing about 25 per cent of 
ether or petrol. 

(4) Large quantities of alcohol are used in the production of numerous 
organic compounds, such as ether, chloroform, dyes, alkaloids, perfumes 
and collodion. 

(6) Alcohol is also used as a preservative of biological specimens and 
as an antiseptic for the skin. 

Note. For industrial purposes, such as the preparation of varnishes 
and lacquers and for use as a fuel, alcohol is employed in the form of 
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methylated spirit or denatured alcohol. 

18. n-Propyl Alcohol. 1 -Propanol, CH 3 .CH 2 .CH 2 OH. 

Occurrence and Isolation. This alcohol occurs in fusel oil (Sec. 9), 
from which it is obtained by fractionation. 

V 

Laboratory Preparation. n-Propyl alcohol may be prepared in the 
laboratarv by reducing propionic aldehyde with sodium amalgam : 

CH 3 .CH 3 .CHO -f 2H-> CH :j .CH,.CH 2 OH 

/i-Propionic aldehyde n -Propyl alcohol 

Properties. n-Propyl alcohol is a colourless, mobile liquid, possess¬ 
ing a pleasant, spirituous odour, and boils at 97°, i.e., 19° higher than 
ethyl alcohol. It is completely miscible with water, but may be salted 
out by the addition of calcium chloride. 

n-Propyl alcohol, being a primary alcohol, closely resembles ethyl 
alcohol in chemical behaviour. When submitted to oxidation, it yields 
propionic aldehyde and then propionic acid : 

CH 3 CH 2 .CH 2 OH 4 - O CH 3 .CH 2 .CHO -4 H 2 0 

>;-Propyl alcohol Propionic aldehyde 

CH 3 .CH 2 .CHO 4 - O CH 3 .CH 0 .COOH 

Propionic acid 

Use. n-Propyl alcohol has been extensively used in organic synthe¬ 
sis, but is of no commercial importance. 

19 Isopropyl Alcohol. 2-Pro/>anoZ,CH 3 .CH(OH).CH 3 , or (CH 3 ) 2 - 
CHOH. 


Manufacture. Isopropyl alcohol is manufactured from propylene, 
obtained as a by-product in the cracking of heavy oils. The process 
consists in absorbing the hydrocarbon in sulphuric acid, 

CH 3 .CH = CH 2 -f- H 2 S0 4 -» (CH 3 ) 2 CH(HS0 4 ) 

Propylene Isopropyl hydrogen sulphate 


and decomposing the resulting ester by 

(CH 8 i 2 CH(HS0 4 ) 4 - H.OH - 


the addition of water, 

> (CH 3 ) 2 CHOH -f H 2 S0 4 . 

Isopropyl alcohol 


The gas from the cracking stills, containing about I5”«> of the olefine h > dr ° c *J b °°*- 
is treated*in towers with 87 ^r cent, sulphuric acid, which absorbs propy ene and 
butylene but not ethylene. The solution is run into warm water, and after the 
separation of tarry matter, is subjected to fractionation. 

Properties. Isopropyl alcohol boils at 81°, i.e., only 3° higher than 
ethvl alcohol. Being a secondary alcohol, it yields a ketone on oxnlat.on. 


CH 


ch 3 >C hoh + O ch 3 > co + H2 ° 

Isopropyl alcohol Acetone _ 

When its vapour is passsed over hot, reduced copper at 300% it gets 
decomposed into acetone and hydrogen. 

(CH 3 ) 2 CHOH (CH 3 ) 2 CO -4 H, 

Isopropyl alcohol Acetone 

On successive treatment with hydrogen iodide, silver nitrate and n,<rOU 
acid, it gives dark-blue dimethyl pseudo-nitrol, (CH 3 ) 2 C <^< 3 * 


H 2 0 
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Uses. Isopropyl alcohol is nowadays used in industries un lei • 
name of petroholA The name suggests the origin (petroleurti) an 
nature (alcohol) of the substance. Large quantities are being uBfd in 
manufacture of isopropyl acetate which is employed as a s °| vc " 
lacquers. Petrohol is also used as a solvent in cosmetics and hair tom s 

and in the manufacture of acetone. 

QUESTIONS 

1. Into how many different classes are monoliydric alcohols divided ? <->ve the 

behaviour of each class towards oxidizing agents. , 

2. Describe any experiment you have seen to show the products obtained b> 

the destructive distillation of wood. (Unit.. Prov., In cr., j-~) 

3. Describe a method for the manufacture of methyl alcohol. r , > 

J (Punjab, Inter., 1932) 

4. Give the chief chemical properties of methyl alcohol. How may it be disting¬ 
uished from eihyl alcohol ? To what different uses is methyl alcohol put ? 

What is the action of phosphorus trichloride on alcohol and acids . 

J (Unit.. Prov,. Inter. 1921) 

6. How is ethvl alcohol prepar«d on a large scale ? Mention the varouis raw mater¬ 
ials used and brieflv state the changes involved in their conversion into alcohol. 

(Unit.. Prov.. Inter.. 193J) 

7. Explain clearly and illustrate what vou understand by Fermentation. 

{Unit., Prov.. Inter., 1922) 

5. What products are obtained by the oxidation of ethyl alcohol ? 

(Unit., Prov.. Inter.. 1920) 

9. What is the action of sulphuric acid on ethyl alcohol ? Describe briefly the 
conditions under which the various products are formed. 

(Ajmer. Inter., 1930) 

10. Write a note on AIcholometry. (Ajmer, Inter., 1934) 

11. Starting from methyl alcohol, explain, illustrating your answer by equations,, 

how ethyl alchol can be produced. (Unit.. Pr.tv., Inter., 1926 ) 

12. Describe the synthesis and chief properties of normal propyl alcohol. In what 
important respects does it differ from isopropyl alcohol ? 

13. Describe the manufacture, chatcterist'ic reactions and uses of isopropyl alcohol. 

14. Starting from a starchy meterial, how would you obtain a sample of absolute 
alcohol ? Describe all the stages involved, and show how you can test and estimate 
alcohol in a syrup. 

15. Describe the distillation of wood and state the products obtained. How arc 
the various products separated from one another ? 

(Unit., Prov., Inter., 1942)* 


CHAPTER 11 


ETHERS 


1. General. The ethers are isomeric with alcohols, and possess 
the same general moleculor formula, viz., C fl H 2 „+ 2 0. Structurally, 
they are regarded as the anhydrides of alcohols in the same sense as the 
metallic oxides are the anhydrides of metallic hydroxides. 

Ethyl alcohol, C 2 H 5 OH Ethyl ether, C 2 H 5 O.C 2 H s 

Sodium hj’droxide, NaOH Sodium oxide, Na 2 0. 

An ether is said to be simple of mixed, according as the two alkyl 
groups linked to the oxygen atom are identical or different. Thus, diethyl 
ether, C 2 H 5 .O.C 2 H 5 , is a simple ether, while methyl ethyl ether, 
CH 3 .O.C 2 H 3 , is a mixed ether. Ethers oxhibit metamerism (Chap. 6 , Sec. 5) 

2. General Methods of Formation. Ether may be prepared 
by the following general methods :— 

(1) From Alcohols : 

(/) By Heating wi'h C mantra ted Sulphuric Acid. This reaction is 
of great practical importance, and will be described in detail in the 
■case of ethyl ether. 

(ii) By Catalytic Dehydration. Tn this method, the alcohol vapour 
is passed over precipitated alumina heated at 240° to 260° : 

2C,HOH C 2 H,.O.C.,H, 4 - HO 

(2) From Alkyl Halides : 

(i) By Heating with Sodium Alkoxidcs (Willamson s Synthesis) : e.g , 


C 2 H, 1 - 4 - Na O.CoH j-> C 2 H 5 .O.C 2 H s 4- Nal 

Sodium ethoxide Ethyl ether 

This method is of great theoretical interest, since it shows very 
clearly the structure of ethers Moreover, it affords a simple methoc 
for synthesizing any desired ether, simple or mixed Thus, methyl eth> 
ether may be obtained by heating a mixture of methyl iodide and sodium 
ethoxide or of ethyl iodide and sodium methoxide 
(ii) By Heating with Silver Oxide ; e g , 

2C 2 H J + Ag.,0 — C 2 H 5 O.C.H, 4- 2Agl. 

3 Properties of Ethers ( a) Physical. With the exception of 
dimethyl ether, which is gaseous at ordinary temperatures, the al, P n “ l ^ 
ethers are colourless, mobile, and volatile liquids having a pleasant 

odour. They are highly inflammable, and are lighter than water. 

rs dissolve in water to a very limited extent. lcohols 

(, b) Reactions Chemically. ethers are far more inactive than alcohol*. 

and are stable towards metallic sodium, alkalies and P*‘ 1 " <T „ id ergo 

chloride in the cold. The following reactions that the ethers g 

prove their constitution as anhydrides of alcohols : { id 

(1 ) Hydrolysis. Superheated water containing a little sulphuric 

slowly decomposes ethers into alchols : 

C t H 5 .O.C*H, 4- H.OH 2C 8 H 5 .OH 

(2) Action of Concentrated Acids. When heated with concentrated 
acids, ethers yield esters : 

c 2 h 5 o.c 2 h, 4- H.,so 4 ^o 2 h hso 4 - c h 5 ° 

” C 2 H,.O.CoH, + HI-) C.H J 4 r 2 H 3 OH 
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The excess of the acid may, of course, react with the alcohol produced, 

yielding a further quantity of the ester. ....... 

(3) Action of Phosphorus Pentachloride. When heated with phosph¬ 
orus pentachloride, the ethers are decomposed, yielding alkyl chlorides: 

C.,H 5 .O.C ? H 5 4- PC1 5 2C.,H,C1 4- POCl 3 



ALEXANDER WILLIAM WILLIAMSON 

(1824—1904) 

was an English chemist, who investigated the etherification process and established 

the real nature of ether and its genetic relation to alcohol. 

Constitution. The constitution of ethers as alkyl oxides follows 
from Williamson's synthesis, and is fully supported by their reactions. 

4. Diethyl Ether, Ethyl Ether , or simply Ether C„H 5 .O.C 2 H 5 . 
This is the most important member of the homologous series of ethers”. 

Preparation. (1) Ether is prepared both technically and in the 
laboratory by heating a mixture of ethyl alcohol and concentrated sulph¬ 
uric acid at 140°. The reaction has been shown to occur in two stages :_ 

(i) C 2 H 5 OH 4 . h 2 so 4 ?=* c 2 h 5 .hso 4 + h 2 o 

Kthyl alcohol Ethyl hydrogen sulphate 

(«) C 2 H 5 .HS0 4 + G.H.OH -* C 2 H 5 .O.C 2 H 5 4 - H 2 S0 4 

Ethyl ether 

The ethyl hydrogen sulphate, produced in the first stage of the 
reaction, reacts with more of the alcohol producing ether and regenerating 
sulphuric acid. The latter then acts once again with a further quantity 
of alcohol, producing more of ethyl hydrogen sulphate and ether. The 
process is therfore, continuous, and theoretically a small amount of 
sulphuric acid will etherify an unlimited quantity of alcohol. Actually 
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however, side reactions occur and the acid is gradually destroyed, owing 
to its reduction to sulphur dioxide. 

F t 1 The apparatus cmploved for the preparation is shown in Fig. i. A 
,, mrc distillation flask is fitted with a dropping funnel and a thermometer. Its 
• » tube is attached to a long condenser, the lower end of which is fitted into the 
neck of a second distillation flask to act as the receiver A long rubber tube is 
hod to the side tube of the receiver to carry oft the ether vapour into the sink. 
S ' m-cment prevents the ether vapour from catching hre: 

Lins arra w oncemratc d sulphuric acid are gradually added, wuh constant shaking. 

30 ^ o nf alcohol contained in the distillation flask. The latter is then heated on 
to 100CC.C c til the temperature ris;s to about 140 . when ether begins to disHl over 
aT 1 >l,srun in from the dropping funnel at nearly the same rate as that of the 
distilVation. the temperature being kept at .40°. 



Fig 1 • Preparation of Ethyl Ether in the Laboratory. 

. . 1 Kiilnhur dioxide, in ad< 


to remove sulphur dioxide. The upper ctherea^er^ ^ 1 water . b ath. when pure 
anhydrous calcium chloride. It is me 

ether passes over at 34 to 35 • obtained bv Heating » 

(2) Williamson’s Synthesis. Ether can be obtainea . 
mixture of ethyl iodide and sod.um eth ° s ‘ d ° o 

r u i + Na‘0 C 2 H, C 2 H..0.C 2 H 5 4- 

This reaction was dUcovered ^tr^and 

' sinc ° j 1 P ^hor maValsfbJsynthesised by heating ethyl iod.de with s. ter 

oxide:- q -» C..H ,.0.C.,H, + 2AgI 

Manufacture" 

H closed coil through wh.ch suj^rh ^ 1 mea ns of superheated sttan 

The mixture is heated to about, HO rate at which ether distils 

and more alcohol u adde ‘ i h solution of sodium 

over. The distillate is ' * h redistilled, 

dried with anhydrous calcium ehior.a 
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• .1 DrAiN6f<-io<- Etlivl ethei is a colourless, mobile and highh 

W e It is only slightly soluble in water 

(1 vol in 11 vols. at 25°). , 

Reactions; Ether is far more stable than alcohol, and is not acted 
upon by metallic sodium, alkalies, and phosphorus pentachlori e m 
cold. The following are its chief reactions : 



Su f>£ fi¬ 
ne AT £G 
S TEAM 


tVA'i* 


Fig. 2. Continuous EtheriAcation Process for the Manufacture of Ether. 

(1) Hydrolysis. Superheated water, containing a little sulphuric 
acid, slowly decomposes ether into ethyl alcohol : 

C 2 H 6 .O.C.,H, + H.OH -» 2C 2 H,.OH 

(2) Action of Concentrated Acids. When heated with concentrated 
■acids, ether yields ester s ; 

C 2 H 5 .O.C 2 H, + H 2 S0 4? =i C,H,.HS0 4 4- C 2 H 5 OH 

Ethyl hydrogen sulphate 

C 2 H 5 .O.C 2 H 5 4- HI —> C.,H S I 4- C 2 H,0H 

Ethyl iodide 

The excess of the acid may, of course, react with the alcohol produced, 
yielding a further quantity of the ester. 

(3) Action of Phosphorus Pentachloride : 

C 2 H s .O.C 2 H, 4- PCI, 2C 2 H,C1 4- POCl 3 

Uses. Ether is put to the following uses ■ 

(1) As a solvent for many organic substances ; 

(2) As an anaesthetic in surgery. 

Structure. Williamson's synthesis of ether, given on p. 110, proves 
that this compound has the structural formula C 2 H 5 .O.C.,H ,. This view 
of the structure of ether is fully supported by its chemical reactions. 


QUESTIONS 

Give th e methods ° f preparation of ethers. Why do we represent diethvl 
•ether as C 2 H 5 .O.C 2 H s .' (Punjab Inter /o’O) 

2. Describe with all essential details, the preparation of etlivl ether.’ How would 
you purify it and make it anhydrous ? Give its structural formula. (Unit. Prov, 1931) 
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3. Give an account of the physica 1 and chemical properties of ordinary ether. 

How may it be synthesised from elements? ( Punjab, Inter., 1947) 

4. W rite the constitutional formulae of the two isomers having the molecular 

formula Coli 6 (). IVnit. Prov., inter., I<424) 

3. Two organic compounds containing carbon, hydrogen and oxygen gave on 
analysis the same results, viz : — 

01243 gm. gave on combustion 01471 gm. of water and 0*2374 gin. of C0 2 . 
Each of them was found to have 23 as its vapour density. What constitutional 
formula would you assign to each ? By what reactions would you prove the correct¬ 
ness of the formulae ? (Bombay, Inter., 1925) 

Ans. C 2 HsOH ; CH 3 .O.CIl s ]. 

o. Describe the preparation of ethyl ether and draw a sketch of the apparatus 
you could use. Describe the physical and chemical properties of ether. How would 
vou test for the presence of moisture in a sample of ethyl ether ? 

(Unit. Prov • Inter., TQ4J ) 


CHAPTER 12 

ALDHHYDKS AND KHTONKS 


lit s% v V \ vV ^ ^ ^ - % A - 

contain the aldehyde group,- C^q . If the two alkyl gt'oups in * ketone be 

identical, the ketone is termed a simple ketone, and il they are dillerenl, 
it is called a mixed ketone (compare ethers). 


H=* C =° 

Aldehvtle 


R>C = ° 

Simple k *tone 


R> C = ° 

Mixed ketone 


Ketone 

Aldehv 


• 4 

*s, like ethers, exhibit metamerism (Chap <>, Sec. i>). 

, dee and ketones are oxidation product s of primary and se 

• • • • ■ • • « <« . • i i i i 


second- 


mucin UCP < V I 1' A lUU/Ullt.'' <UC UA lUOUIUI I uum ro i/l |/l IIIIU1 j -- • • - 

ary alcohols respectively, being derived from these by the removal of two 
hydrogen atoms. The change may he supposed to take place in two 
stages: In the first instance, an oxygen atom is added, with the production 
of a compound having two hydroxyls linked to the same carbon atom. 
This compound, since it is unstable, immediately loses a molecule of 
water, yielding an aldehyde or a ketone : 


— () 


H ,o 


IX.I ■" O 

AMehvde 


Ketone 


R.CH..OH -> R.CH(OH) 2 — R( ’ ^ 0 

Primary alcohol Unstable in term e- Ahlehyde 

diats product 

R + ° H — 11 U 

j;.>CHOH -> >C(OH, 8 -» >0 = 0 

Secondary Unstable inter- Ketone 

alcohol mediate pro<luct 

Aldehydes are usually named after the acid they give rise to on oxi¬ 
dation, and ketones after the alkyl groups that they contain. Simple 
ketones are also named after the acid from which they may be obtained 
by the action of heat on its calcium salt, the Geneva names of aldehydes 
and ketones are derived from those of parent hydrocarbons by replacing 
the terminal -e by -al for aldehydes and by -one tor ketones. The 
following few examples illustrate the nomenclature adopted : 

r CH3.CHO 1 CH3.CO.CH3 

1 or.naldehyde Acetaldehyde Dimethyl ketone 

or Mcthnnal or Kthauaf Acetone, or Propanone 

Fnri% al h e ll yd !i-ff a t y pical aldeh yde and acetone a typical ketone, 
vespectfd'ee leo t"). ° ther in certain important 

l>e ”e et fo°now!n«mXds°"- ****■ k “ t01 ’ eS 

\\h F*om Primary and Secondary aecqhqls :— 

Oxidation Aldehydes are obtained. by the’oxidation of 
p niarj alcoho s and ketones of the secondary alcohols ; e.g. 
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CH3.CH.OH CH3.CHO + H.O 

Kthvi alcohol Acetaldehvdc 


( H !>ro 

CH a > ' 

acetone 


H.O 


ce>choh + o- 

Isopropyl alcohol 

Tho oxidation is generaIIy effected by means of potassium diehrornate 
in the presence ot sulphuric acid. 

(ji) By Catalytic Decomposition. When the vapours of primary and 
secondary alcohols are passed over finely divided copper (obtained by 
reducing* CuO) heated at :M)0°(\, dehydrogenation occurs with the 
production of aldehvdes and ketones respectively : e.y., 

CH3.CH_. OH —■ OH3 CHO -f H, 

Mthvl alcohol acetaldehyde 

(CH : ,),CH.OH — (C£I s ),CO + H : 

Isopropyl alcohol Acetone 

Note From method* of preparation (:) and (") it mi he >ccn that .iKlehytlc* 
arc derived from the corresponding alcohols hv the loss of two atoms of.hydrogen, 
ii .-nee the term ,il,teh\<lr which is an abbreviation of .iholml dchyth opua! tun (/-t . 
alcohol from which hydrogen has been removed) 

( 2 ) From Cakijoxyi.ic Acii>s :— 

(,•) By Dry Distillation of Calcium Salts. When the. calcium salt of 

a fat tv acid (other than formic ) is subjected to drv-dist illut ion. "e get 
% 

a simple ketone : e.y., 

CH3CO0.,, __ ;;H.>CO -f CaCO.,. 

< , H a COO >ta ( H ‘ 

Calci u n 1 ace t a te A cetone 

Calcium formate, when boated alone, yields formaldehyde, 

(HCOO),Ca -> HCIIO - CaCO;,. 

Calcium formate lornialdehyde 

When a mixture of this salt with the calcium salt of some other 
fatty acid is used, the product is an aldehyde. I hu-. 

<CH.,COO)..Ca + (HCOO).,Ca — •JCH.jCHO + 2CaCO a . 

Calcium 1 cot a tv Calcium formate Aeet.iMeh, <U 

11 if „ mixture of calcium salts of fatty acids (excluding f‘>nme) ploy¬ 

ed a mixed ketone is produced : e.y., 

(CH..COO).,Cn - r (C.H ,.COO) s Ca 

C ilcium acetate Calcium propioiiaU - . - , 

B„ tolafrir Deronipositioii. When the vapour of «n “ 

is passed over precipitated aluminium ox.de at 400 . I 

is obtained 2( ' H ,(’OOH — t>.(’H :1 H,0 *-[«=■ j(| jn 

Similarly, wh- a we gei an aldch- 

’ HO + afi + «V 

7 ,,,, < r "ic™ rs* 

,y■ -=* to .-~ ip ‘ u, ' d 

on BaSO.I. an aldehyde is formed : eg.. 


i 


2CH. 1 .CO.: , .,H . 4- 2CV0 3 . 

Methvl-'ethvl ketone 
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ALDEHYDES AND KETONES 

4- H„ — 


1 


CH3COCI 

Acetvl chloride 


CH/’HO 4 Hf’l 

Acetaldehyde 


(3) From Dihai.ides. When adihalogen derivative of 11 hydrocarbon, 
containing both the halogen atoms linked to the same carbon atom, is 
hydrolysed bv means of“superheated water.* or by boiling with water 
and plumbous oxide, we get an aldehyde or a ketone, the former, it the 
two halogen atoms be linked to a terminal e.trbon atom, and the latter, 
if they be carried by an intermediate carbon atom. The reaction i> 
supposed to occur in two stages : The dihydroxy derivative, which is 
first formed, loses the elements of water yielding an aldehyde ora ketone. 


H.OH 


CH :{ .CH('L 


Ethvlidene chloride 


—H 

CH a .CH (OH)., — 

Unstable 

dihydroxy compound 


O 


CH3.CH0 

Acctaldcli vdc 


H.OII 

CH3.CCL.CH™-> 

I-— I lichloroprop.me 


H,o 


CH3.CO.rH3 

Acetone 


-> CH.,.C(OH),.CH :t -> 

i'nstable 

diliydroxy compound 

Note. Hxcept in rare cases, a compound containing two liydroxyl groups link-d 
to the same carbon atom is unstable, and loses a molecule ot water to give 
corresponding anhydride. 

3. Physical Properties of Aldehydes and Ketones. Excluding 
formaldehyde, which, at ordinary temperatures, exists as a gas. tin* 
aldehydes and ketones up to about are colourless, mobile liquids, 
the higher members being solids. 

The boiling point of some of the more important aldehydes and 
ketones are given in the following table :— 


Aldehvde 

* 

1 BP. 

Ketone 

1 B.P. 

Formaldehyde. H.CHO 

—21 

1 Acetone. CH 3 .CO.CHh 

56" 

Acetaldehyde, CH....CHO 

+ 21 

! Mcthvlethvl ketone 



ch».co.c*h a 

Si 

Propionaldehvde. 

40 

, Diethvl ketone. 


_C s H...CHO 


C«II vCO.C«Hr» 

1 JL°A 


As a rule, aldehydes possess an unpleasant, pungent odour, while 
ketones have a pleasant smell. The first two or three members of both 
homologous series are readily soluble in Mater, but, as the molecular 
weight rises, the solubility rapidly decreases, the higher members 
being practically insoluble in water. They are, however, readily 
soluble iu alcohol and ether. The specific gravity and the hoiling 
point continuously rise with the increase in the number of carbon atoms. 

4. Reactions Common to Aldehydes and Ketones. Since both 
the aldehydes and the ketones contain the carbonyl group,>CO, they 
resemble each other in most of their chemical properties. The aldehydes, 
however, are more reactive than the ketones, this being due to the 
presence of the hydrogen atom linked to the carbonyl group. 

J*® * ptl°ns of the >C0 group may be divided into two classes : 

(1) Addition Reactions. Aldehydes and ketones form addition 
compounds with certain substances containing hydrogen, the addition 
always occurring in such a manner that the ‘llvdroeen goes to the 
car bony lie oxygen, forming a liydroxyl group. 

the Suu“Syd? “ ed f ° r efteC,i " B h > drolvs ! s iu cas^t^oul.1 resinify 
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(i) Addition of Hydrogen. When treated with nascent hydrogen 
(sodium amalgam and dilute sulphuric acid), aldehydes yield primary 
alcohols, and ketones secondary alcohols :— 


CH 3 .C«H + 2H - 

Acetahlehvdc 

( H : ,.(X).CH , - 4 - 2 H 

Acetone Isopropyl alcohol 

(,*,•) Addition of Hydrogen Cyanide. When an aldehyde ora ketone 
is treated with hydrogen cyanide, we get a cyanohydrin : 


CH 3 ch .oh 

Iitlivl alcohol 


H 


CH 3 C^ " -p HCN CH 3 .C / ()H 


H 


() 

Acetaldehyde 

(’ H.v, r 

Acetone 


\cx 

Ace till deh vcle cyan hydrin 


O - H CX 


ch 3 .c, ()H 

<H, " CN 


. .. Acetone cyanhydrin 

iiii) Addition of Sodium Bisulphite. On shaking aldehydes and 
ketones with very concentrated solutions of sodium bisulphite, 
crystalline addition <•> npounds are obtained: ^ 

CHjC^o -}- XaSHO :l -(’H,cA)H 

J ° \OSO.Xa 


( H 


() + XaHSO 


CH„ OH 

, „ '» (’Ha > < "0S0 2 Xa 

These so-called bisulphite compounds are readily soluWe in water but are 
insoluble in verv concentrated solutions of sodium bisulphi . 
wirmino them with dilute acids or alkalies, the aldehyde or ketone -j 
amiin set fne. Hence the formation of these compounds is <M . 

Durification and separation of aldehydes and ketones. 

*" STKSSSoI Carbonylic Oxygen. Aldehydes mu n- 

With certain r agents, exchanging the oxygen of tin carbon fc 

- U ‘ aldehydes a,^ Intones to 

form rrvstalline ..pounds called oximes water he..,* elm.,..ated . 

KCH O 4- H..XOH -> R GH XOH - H.O 

Aldoximc 


R 


,->(’=,.() r H,XOH -»• o > c NOH + H,() 


W ^' ‘ " H . 

, Ketoxuuc ... 

Oximes, like the niox.lv'ytc ^“l ro "^ 8 - k ^ I1 ™ , ’ 1 "VheVhh 
and identification ot ald< ». . joinal aldehvde or ketone. 

| lV <lrocldorie acid tlu-y legemnate tlu c «, w * ith aldehydes and 

shod'i't "manner ns h.vdrox.vUmine, yW** 

products railed phenvlhydraiones pH XXH C.H, + H 2 0 
C’H 3 .CH =0 -p H.,N Acctalclclivi- pliciiylhydraxonc 

Acetaldehyde («u v r u 4 -H U 

V’ H 3 >C —O-P HoX.XH .G rt H . -» ch; >1=:N N “ ' " 

CH., 4 cct«»nc plicnylhydrazone 

Acetone , utili7ed for the isolation 

The formation of plienylhydrazones 
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readily 
up the 


CH3.CO.rH3 + PC1 5 


and identification of aldehydes and ketones since they are very 
crvstaUizable. and. on being heated with hydrochloric acid, take 
elements of water, regenerating the original aldehyde or ketone. 

(Hi) Action of Phoiphorus Pentachlond".. \\ n >n an aldeh>d * 

ketone is t reated with phosphorus pentachloride. the oxygen atom of 
>r0 « r roup gets replaced bv two chlorine atoms . 

C'H. CHO + m, - CH : ,.CHCI 2 + POfl, 

Kthylidene chloride 

* ch 3 .ccu.ch :i a- rod ., 

2:2 Dichloro-propatie 

5. Reactions in which Aldehydes differ from Ketones: 

(l) Reducing Properties. Because of the presence of the hydrogen 
atom directly united to the carbonyl group (termed the aldehydic 
hydrogen atom), aldehydes possess active reducing properties, giving 
carboxylic acidscontaining the same number of carbon atoms as the 
aldehydes. Thus, 

OH/’^ “ + 0 -* CH s O^ 

Acetaldelivcle Acetic acid 

• 

The aldehydes reduce ammoniaeal silver nitrate solution and Feliling s 
solution. Tollens' reagent produces with a dilute solution of an aldehyde 
a silver mirror in the cold. (See Expfrs. 1,2 and :>.) 

Ketones, since they do not contain a readily oxidizable hydrogen 
atom, possess no reducing pioperties whatever. When treated with 
energetic oxidizing agents, their molecules break up, yielding acids with 
smaller number of carbon atoms. Thus, acetone gives acetic and car¬ 
bonic acids :— 

CH3.CO.CH3. -L 40 CH3COOH + h,o + CO, 

Expt. I. Silver Minor Test. To a solution of silver nitr ite add, drop by drop, 
a very dilute solution of ammonia, until the precipitate of silver hydroxide, first 
formed, just redissolves. Add a few drops of acetaldehyde, and place the test-tube in 
boiling-hot water ; bright silver mirror will be formed on the inside of the test-tube. 

Expt. 2 . Silver Minor Test . Add a dilute solution of acetaldehyde to a few ml. 
of Tollens' reagent (prepared by mixing together equal volumes of 10 per cent 
aqueous solutions of silver nitrate and sodium hydroxide and adding just enough 
ammonia to dissolve the silver hydroxide). A silver mirror is deposited in the cold. 

Expt. 3 . Reduction oj F'ehliiig's Solution. Add a few drops oi acetaldehyde to 
some l'ehling’s solution (a solution of cupric sulphate containing Rochelle salt and 
caustic soda), and warm the mixture. A red precipitate of cuprous oxide will be 
formed. 


(2) Polymerization. Aldehydes possess a remarkable power to poly- 
merize. The polimerization products of formaldehyde and those of 
acetaldehyde are discussed under these aldehydes. 

Ketones do not polymerize.; they undergo condensation with elimina¬ 
tion of water. 

(A) -Schiff's React ion. Aldehydes differ from ketones in givirg the 
following reaction. 

^*P.t 4 . Hubble sulphur dioxide through a dilute, aqueous solution of magenta 

1 ‘I? lue or rosaniliue) until decolorized. Add to this reagent a few drops of acetal¬ 

dehyde ; a violet coloration is developed. 

(4) Resinijication by Alkalies. When aldehydes are warmed with a 
concent rated alkali solution, they get polymerized, yielding brown 
coloured, resinous products called aldehyde resins. 
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Expt 5 Rrsiii ificalion 7 Vs/. Warm some acetaldehyde with sodium hydroxide 
solution A brownish vcllow coloration i> produced. 

(5) Formation of Aldehyde-ammonias. Acetaldehyde combines 
w it h anhydrous ammonia, forming a crystalline compound, called 

acetaldehyde ammonia : 

CH 3 .CHO -r NH., -> C.,H .OXH ,, 

whose molecular formula, at the ordinary temperature, has been found 
to | (? (C,H- 4 ONH 3 ) 3 . Some other aldehydes also form aldehyde-ammonias, 
but the reaction is not a got eial one. Thus, formaldehyde behaves 

differently (p. 120). . .. , 

The aldehyde-ammonia formation is utilized in the purification of 

aldehydes. The crystalline precipitate is filtered oft, and warmed 
with dilute sulphuric acid, wh**n aldehyde is regenerated. 

Ketones, as a nil**, do not give addition compounds with ammonia ; 
thev behave differently and form peculiar condensation products. 

((>) Formation of Acetal*. When heated with excess of an alcohol, 
particularly in the presence of dehydrating agents, aldehyde* > ,eld a 
kind of double ethers* known acetals . 

ch,.ch o-CH,CH. + «/) 


Acctaldchvdc 


Acetal 


lithyl alcohol 
{2 molecules) 

Acetals me colourless liquids with an aromatic odour. 

6 Tests of Aldehydes The following reactions are utilized 

as tests for aldehyde# : — ,, - 

,1) Silver Mirror Test. See Expts. 1 and -, P ll< - 

(2) Ueduction of Filing's solution. See Expt E V • 

(3) Schiff s Test. See Expt. 4, p. U <. 

(4) / testnijication by Alkalies . See Expt. •>. 

7 Formaldehyde. Methanol, H.CHO. , 

Preparation. (!) Option of Me* rf MrM 
is generally prepared hy the oxidation of methyl alcohol. 


A IP 



pl atinum S P:Hal^ _a 

- - ~ - ^0 0.0 ci J Jjg e.iss jj —j 



, T7 " L, ' Cn0L 

__ o.t.. .t A*' — p*~*P 



j.-j,. , Preparation of 1-or.u .Mchy*lc. 

Of vapour of methyl .vl. ol.ol and air is pus,ed over a he. . 
of platinum or copjier *#• 

1 ,.it .\1l 


(’11,011 


() 


-> H.CHO -r H.O 

.. . ^ 
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"which is a gas at thi< ordinary temperature) .» absorbed "> "ate, 
h.rd «la«s tube ontaimntf the platinum spiral, until the 

Formaldehyde is obtained as an aqueous solution. W l.-n tlm vmour 

(2) By Catalytic Decomposition of Methyl Alcohol. ''hen It 4 -P 

of niPthvl alcohol is passed over finely-divided copper (obtained bv 
reducing cupric oxidel heated at 300°C., it under goes decomposition 

into formaldehyde and hydrogen : 

CH 3 OH H .OHO 4 H 2 

Melivl alcohol Formaldehyde 

( 3 ) From Formic Acid. Formaldehyde, H.CHO, on oxidation yields 
formic acid, H.COOH. Conversely, it may be obtained from formic 
acid bv reduction. There arc three different, methods by which this 
mav be done : 

‘( 1 ) By Distilling the Calcium Aalt of Formic And : 

(HCOO),Ca -»• H.CHO H- 

Calcium formate Formaldehyde 

Here a part of the formate radical is oxidized to the carbonate 
tadical at the expense of the other part which in reduced to formaldehyde. 

(t’»j By Catalytic Auto-reduction of Formic Acid. In this method 
the vapour of formic acid is passed over titanium oxide heated at 
:100°C. : — 

H .CO OH w 

-> H.C^£ 4 - H.,0 4 CO., 

H COO H u , 

Formic acid Formaldehyde 

»t wo molecules) 

The reaction is an instance of auto-oxidation and reduction : one 
molecule is oxidized to carbonic acid at the expense of another, which 
is reduced to formaldehyde. 

(it/) By Catalytic Reduction of Formyl Chloride (Rosenmund’s 
method). In this method, the chloride of formic acid is reduced by means 
of hydrogen in the presence of platinized barium sulphate (i.e., finely- 
divided platinum precipitated on BaSO*.) :— 


(a CO., 

Calcium carbonate 


H.COC1 4 H 2 

Formvl chloride 


H.C< 


H 


O + HC1. 

Formaldehyde 


(4) By Hydrolysis of Methylene Chloride. When methylene chloride 
is hydrolysed by means of superheated water, the dihydric alcohol is 
first formed, which loses the elements of water, yielding formaldehyde 

H.CHCL, + 2H.0H-» H.CH(OH)., 4 - 2HC1 


Methylene 

chloride 


H.CH(OH) 


H.C^ 


Methylene glycol 
(unstable) 

H 


H..O 


O ‘ 

# Formaldehyde 

Physical Properties, Formaldehyde is a gas, ... 
pungent odour. It is soluble in water, alcohol, and ether. 


having 


a verv 
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8. Reactions of Formaldehyde The reactions of formalde¬ 
hyde may he 6tudie<l under three main heads - 

% % 

(A) Reactions in which Formaldehyde resembles Ketones and 
other Aldehydes (Reaction* of the Carbonyl Group). Formaldehyde 
gives all the general reactions of aldehydes and ketones described in 
Sec. 4 

(/i) Reaction in which Formaldehyde resembles other Aldehydes 
but not Ketones : — 

( 1 ) Reducing Power. Formaldehyde is an active reducing agent, 
hein*' readily converted into formic acid :—- , 


H 


H 


OH 


<> 


I ormaltU hv«k* 


0 - H( '« O 

Formic aci«i 

(2) Polymerization. Formaldehyde resembles other aldehydes in being 
readily pol\jneriz*d. When an aqueous* solution of formaldehyde is 
evaporated. we get parafoi maldehvde, (H^CO),,. wliich is a white 
( i vstalline solid melting at and of unknown molecular weight. This 
substance when heated is recmivei t ed into formaldehyde, which show-* 
that it is a true polymeridc of formaldehyde Several other polymeride> 
of formaldehyde a re known. 

(:») Sch iff* Reaction. See //. 11S. 

(C) Reactions in which Formaldehyde differs from other 
Aliphatic Aldehydes :— 

(|\ Cannizzaro s Reaction. When treated with a solution of eaustn 
alkali, formaldehyde undergoes auto-oxidation, one molecule being 
oxidized to formic* acid at the expense <f another which is reduced to 
met h v I aleohol : 

211 .(’HO -f- KOH CH.,0H -f H COOK 

l : oru»ahleh\de Methyl Potassium 

alcohol formate 

Aromatic aldehydes (eg., benzaldehyde, C,.H..CHO) ahu give 

Cannizzaro's reaction. . . , . . 

(2) Reaction with ammonia. I nlikc other aldehydes, forma Ideli.t <h 

when treated with ammonia, does not yield aldehyde ammonia bn 
hexamethylenetetramine, (CH.),X 4 . This is a crystalline substance, 
and is used in medicine, under the name of hexamine or urotropine a> 

an internal disinfectant. , . ■ r r~ rm .,|,|,.hvde 

( 3 ) Reaction with Proton*. An aqueous solution of forma! h h> 

possesses the power of transforming proteins ...to a hard, «la. to. 
rubber-like mass. 

(4 ) Rimini's Test. See under Expt . 

9 Tests of Formaldehyde. Formaldehyde gives the following 

tests* of which the last one is characteristic: - 

r ¥nt 7 7>c (s of l onualdthyde — 

O) Ni/irr More, Test (See Expt n 

(/, liednrhon of I tilling'.' solution (Sec I-M* 3 

(p.s rlntlshj (See Cxpl. 4 ' solut..-.. of formaldehyde two drops ot 

(41 Rimini s Te*t Add to an ... * fre>h |\ prepared solution «.t xmIiiiii 

Pht-nyII.vdrazine, : "" 1 then a drop hv ,iroxide. Notice the formation of a deep 

nil roprusside and a few drops of mkIiu.i. hwtroxi w. 

Jdiie colour, wliieli changes through green and brown to rc ^ 

Uses. Forma hi eh vde is usually employed as a l 
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aqueous solution. called formalin. The following Jl ' ,e its 


uses 


(/) As a disinfectant. Formalin diluted xvilh water is employed Idr 
sterilizing surgical instruments. whilst parafonna l<U*h> de ol parajor/n . 
because of its ready conveisiou into gaseous torino)(leh\de, is emp<»\<< 
for disinfect ing rooms. 



STANISLAO C A X XIX X A K () 


(I N j f i. |«* | n | 


was an Italian chemist, who discovered the reaction known after his name. 

• 

(2) On account of its poxver of renderivr/ protein insoluble in watte, 
formaldehyde is employed for the preservation of anatomical. It is spe¬ 
cimens and for fixing the gelatin film on photographic plates. 

(31 Formaldehyde is also employed in the manufacture of: 

(/') Urotropine (p. 120) : 

(**’) Bakelite, a thermosetting plastic u-e.l as an insulator. It is pre¬ 
pared by tlie action of formald< hyde on phenol; 

(j/t) Galalith or artificial horn! got by the aclion of formaldehvdc on 
(asein of milk; 

(|V) Rongahte, a substance obtained bv boiling a solution of t hr 
bisulphite compound of formaldehyde with zinc-dust. 


H.CH < 


OH 

80 ,Xa ' 



H CH < 


OH 

S0.,Xa 



Hi). 


j , , Rou^alitc 

and used as a reducing agent in vat-dying. 

• 1 j* ® 0nst,tuti0I »- The molecular formula of formaldehyde, 
ruined by combustion and molecular weight determination 


as 

is 


deter- 

CH 0 
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Smce carbon, oxygen, and hydrogen are tetia-, di-, and monovalent, 
respectively, there is onlv one structure possible for formaldehyde, viz 

H ’ 

I ; ’ 

H — C — 0 

This structure is fully supported b\ the reactions of formaldehyde 
and its formation from methylene chloride. 

1 * rom the above formula it is evident that formaldehyde is a deri¬ 
vative of methane in which two of the hydrosn atoms have been replaced 
l*y oxygen (hence the name methanal). This structural relationship i< 
moved hv t lie following interconversions: 


. . o * 

proved by t he following interconversions: 

J{ Chlorination H 

in sunlight 


H 


H C— II 
H 

Methane 


H — C—Cl Aqueous KOH 


Treat with 

/n-Cu couple * * 

and alcohol Dirhloro 

methane 


rci 


H- -0*0 

1 'orniaMehyde 
• Methanal» 




H 


Acetaldehyde, Ethanol, CH 3 .C^^ 


Formation. Acetaldehyde may be obtainedJ»y methods similar to 
-those described in the case of formaldehyde (*Sc;. 7) 

They may be summarized as under: 

(I) By the oxidation of Ethyl Alcohol: ^ 

OH, CH..OH ~r 0 CHj.CHO 4- H.,0 

P.thvl alcohol Acetaldehyde 

It is I,V this reaction that Acetaldehyde is usually prepared in the la bo- 

, ,U (2 1 By passing the vapour o. ethyl alcohol over heated, finely divided 
•copper (catalyst) : 

CH ;( .CH„OH -> CHj.CHO 4 H, 

Cl) From Acefc Acid. This may be done in-threej different 

(t) By distilling a mixture of calcium acetate and calcium 

, Ht'O )! Ca -> 2CH..CH0 4- 2CaC0 3 
(LH H COO) 2 Ca -r \HUJ) S ca Xr JL,a e ,, v ,i c 

Calcium acetate Calcium formate Acctaldeli 

(ii) By pa, 8 io* a mixture of acetic avid and. for,,,,c acid, 
•vaporous state, over titanium oxide at WO . 

I'HjCtxm H 

_. cn r c( 4 f, Oj 4 H 2 0 

H COOH 

Acetaldehyde 

. 

C H 3 C0C1 4 H, —* CH ; ,(:^Q + H< '• 

A. etvl chloride Acetaldehyde 

‘ ( 4, By hydrolysing etbylidene chloride with superheated -ate. - 


See. 1,1.] 
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H.OII — 

CH-.CHCL-* OH,.CH(OH),-* CH ;l .LHO 

Kthvlidcnc Hthylidene glycol Acetiilnchyclc 

chloride mnsiable) 

Laboratory Preparation. Acetaldehyde is prepared in the lain* 
rator\ by the oxidation of ethyl alcohol by means of potassium diehro- 
mate and dilute sulphuric acide: 

KoCr.,0 ; 4- 4H „S0 4 —»K 2 S0 4 +Cr 2 (SO 4 ) 3 -f 4 H 2 0 4- : *0 

■ ' ch 3 ".ch 2 oh -a- o -> 0 H 3 .CH 0 up __ r ><iy . 

3CH. CHoOH 4- KjfT.,0 7 + 4H£0 4 t* K..SU, 

3 " -4- Cr(S0 4 ) a + 7H..O 

To avoid further oxidation of acetaldehyde, an excess of alcohol must 
be employed. 

Expt. 8. A'1J litre distillation flask is flitted with a dropping funnel, and is 
•"connected to a condenser and a receiver, the latter being cooled by a freezing 
Qinixture (Fig. 2). 


■Alcohol, 120c.c. \ 

Cone. teS0 4 .60 cc .J 




Fig. 2. Preparation of Acetaldehyde. 


100 grains of coarsely powdered potassium dichromate and 400 ml. of water 
are placed ini the flask, which is gently heated on.a sand bath, until the liquid just 
boils. A mixture of 120 ml. alcohol and So ml. concentrated sulphuric arid is 
then slowly run in from the tap funnel- During this addition, the reaction should 
proceed at such a rate as to keep the liquid boiling. When all has been added, the 
boiling is continued, until 150 ml. of the distillate have been collected. The dis¬ 
tillate contains water and alcohol in addition to nldehvdc. 

The aldehyde cannot be completely separated from this mixture bv fractional 
distillation. It is. therefore, purified by conversion into aldehyde ammonia. The 
process consists of the following three steps:— 

(*) Preparation of hthereat Solution. The fiask containing the crude 
aldehyde is fitted with a reflux condenser (Fig. 3.). The upper end of the condenser 
is connected by means of a long tube to two‘’reversed" wash-bottles, each con¬ 
taining about 30 ml. of ether, and cooled by a freezing mixture. The condenser is 
supplied with water at 30—35°C. A few glass beads are placed in the flask and the 
liquid gently boiled tor 15 minutes. During this time, most of the aldclivde 

‘“•P- -I/-) would have passed over into the ether. Alcohol and water condense 
and flow back into the flask. 

(11) Saturation with Ammonia. The ctheral solution of aldehyde, prepared as 
above, is now saturated with dry ammonia gas (prepared by dropping concentrated 
ammonia solution on to caustic soda stricks contained in a filtration flask, and passing 
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tlie "as through a tower containing caustic soda sticks or pieces of quicklime). The 
passage of the gas is continued, until the solution smells strongly of ammonia. The 
solution is left in the freezing mixture for an hour or so. when the crystals of aldehy¬ 
de ammonia separate out These are filtered at the pump, washed with a little 
dry ether, and finally dried in a desiccator. 

(tit) Decow port t ton ot Aldehyde A nmtonia. The aldehyde ammonia is^now dis¬ 
tilled with dilute sulphuric acid from a water bath, and the evolved aldchydehyde 
is collected in a well-cooled receiver. The distillate is dried over anhydrou> calcium 
chloride and red stilled. 



1 ig *. Preparation of Aldehyde Ammonia. 

Manufacture. Ac?tal<lehy<le is now manufactured from acetylene 
(see chaj». 8. See. ,">). 

Physical Properties Acetaldehyde is a colourless mobile liquid. 

possessing a characteristic, suffocating odour and boiling at 21 C O 

is readilv soluble in water, alcohol and ether. 

Reactions. Acetaldehyde gives all the reactions described in >«'»•*• 4 

and They may he summarized as under:— 

(A) Reactions common to all Aldehydes and Ketones, i.e.. Kea* 

ctions of the CO Group:-— , 

Addition Reactions. Acetaldehyde combines with (»» hydrogen, 

{ii) hvdrogen cyanide, and (Hi) sodium bisulphite: 


(,) + >H -> OH,. CH.OH 

' O Kthvl alcohol 


(a) cH..y< 


k 

o 


/ 


H 


H 


HCN -> CH :I .C —OH 

\CN 

Acetaldehyde 

cvanhvdrin 

> 


(rtf) CH.,.C<0+ XrtHSO, —* CH.C OH 

X SO ; ,Xa 

Acct aldehyde 
sodium-bisulphite 

(2> Substitution of Curbocylic Oxygen. Acetaldehyde reacts 


it It 
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(!) hydroxylamine, (//) phcnylhydrazine, and (Hi) phosphorus pcnta- 
ohlo r ide :—- 


(I) CH,C <5 + H .NOH -* r >fr, c ^x ( )H ^ 

Acetaldoxime 

(,7) ch 3 c«"+ h.,x.xh.c„h, -*ch..c<« h 


H 


H.,0 


3 ' v "X.XH C,.H. 

Acetaldehyde 


-4 H..O 


i >1 w.< < ••IK »•/!r 


(Hi) CH.,.C^ 


H 

0 


PCI. 


/» 

CH 3 C—Cl d-POCI, 
\C1 


Kthvlidene chloride 

(B) Reactions that differentiate Aldehydes from Ketones : 

(1) deducing Power. See Sec. 5. 

(2) Polymerization. Acetaldehyde, in the presence of suitable 
catalysis, polymerizes to give the following products :— 

(/) Aldol. When a dilute alkali solution is added to acetaldehyde 
M e >iet aldol 1 —a substance having the same empirical formula as acetalde¬ 
hyde hut-with double the molecular weight. This is a odourless liquid, 
possessing characteristic properties of an aldehyde and also the proper¬ 
ties of an alcohol. For this reason, it must be assumed that while the 
aldehyde group of one of the molecules undergoing combination remains 
intact, the oxygen atom of the ('HO group of the other forms a hydroxyl 
group. Further, the change is non-reversible : hence the combination 
between the molecules must be assumed to have taken place through a 
carbon-carbon chain. The reaction is referred to as aldol condensation . 2 

CH 3 .C<? + H OH., CHO CH 3 .OH(OH).('H...CHO 

^ Aldol (jJ-Hydroxy-bntyraldehydo) 

(it) Ethyl Acetate. Under the catalytic influence of aluminium 
ethoxide, acetaldehyde yields ethyl acetate. The r eaction is employed 
on a commercial scale. Here two molecules of the aldehyde unite in 
such a manner that the aldehydic hydrogen atom of one goes to tin*, 
carbonylic carbon of the other : 

CH 3 .CHO 4- OHC.CH 3 -»• CH 3 CO.OCH...CH., 

t Ethvl acetate 


(Hi) Paracetaldehyde. If a few drops of concentrated sulphuric 
acid be added to acetaldehyde (b p 21 C C), the mixture becomes warm, and, 
then begins to boil violently. When the reaction is over, the liquid is 
found to boil at 124°, and has a mobcular weight three times that of 
the original acetaldehyde. The new liquid, known as paracetald-hyde, 
is converted back into acetaldehyde on being distilled with dilut e 
sulphuric acid. The conversion of acetaldehyde into paracetalde¬ 
hyde is, therefore, a reversible reaction and the union between the 
molecules must be assumed to have taken place through oxygon link¬ 
ages:— 

1 The term aldol refers to aldehyde-alcohol, the compound possessing the nron-r. 

ties of both an aldehyde and an alcohol. < ]. 1 

2 The term condensation is explained in Sec.* 14. 
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CH 3 .HC CH.CH a 

\ / 

O 

Paracctalilchvilc 


CH.CH 3 CH.CH 

^ /\ 

o v) o o 

II 

CH..HC CH.CH;, ?= 

// 

0 

AcotaMchytl j 
( * mol.culcsi 

(iv) Metaldehyde. If a trace of Hv'l, SO*, or another acid is added 
t„ acetaldehyde cooled below 0 , four molecules of the aldehyde underg» 

combination. Yielding met aldehyde: — 

4CH :l CHO —* (CHjCHO), 

Mctaldchvdc 

The structure of metaldehyde has not been determined as yet. 

(;{) Sckiff's Head ion. Acetaldehyde gives this reaction (see Kxpt. 4. 

(4^ Resinification with Alkalies. See />. 117. 

('») Formation of Aldehyde ammonia See p. US. 

(ti) Ronnation of Acetal See jt. 14t>. „ 

Tests Besides the tests given in See. G. which are common to all 

nldehvdes, acetaldehyde gives the following specific tests .— 

//j H gives a cherry-red colour with a solution ol sodium nitio- 

nrulside and caustic soda. . . 

(/?) It gives a blue colour with sodium nitropiusside and piperidine. 

Uses Acetaldehyde is employed in the manufacture of acetic 

acid, etlivl acetate, certain dyes and drugs. 

12 Constitution of Acetaldehyde Acetaldehyde dosely^ resent- 
files formaldehyde in chemical behaviour, and its molecula. for *» 

H O as aoainst CH..0 of formaldehyde It must, therefore b- ga - 
l 4 . th, next homologue of formaldehyde, beimr derived bom tin 
^bvih"^pU,c“m”n. S ".fa hydrogen atom. In a -ne.hvl group. jus, 

as ethane is derived from methane. 

H HU H H H 

HJ- H h— r (• h H r-_o h -r <=« 

i Fornuildeh y«U- 

i xi it H 

H “ n Acetaldehyde 

Methane ijh.nu , , derivative of ethane* 

Further, acetaldehyde must he regan e f hydrogen atom* 

being derived from the latter by the " , n atol „ ; hence the 

linked to one and the same carbon atom l>> «»n oxi r 

,’; n | 3 . eth Chloral. Trichloroacetaldehyde , CCI..CHO. hv the 

Preparation. This substance \* "temperature, and 

^ 

and an oxidizing agent : + ;jHC 1 (chlorination) 

* ^ | :1 2HC1 (oxidation 

CHoOH ^ jC1 

Ethyl alcohol 1 ° 


ch 3 
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The crystalline reaction product, which consists mainly of chiorai alcohola:?. 

CC 1 ,.CH<?“ ir , is distilled with concentrated sulphuric acid. The oily distillnU- 

of crude chloral is converted into chloral hydrate. CCla-CH(OH)o. which is purified by 
recrvstallization and then distilled with sulphuric acid, when pure chloral passo- 
over. 

Physical Properties. Chloral is an oily liquid of penetrating 
odour (h.p. 97°). 

Reactions. Chloral possesses the general reactions of an aldeh yde : 



OCL.C 


cci 3 .cho io->cci 3 .cooh. 

When boiled with a solution of potassium hydroxide, chloral 
decomposes to give chloroform and potassium formate, 

CCI 3 .CHO 4 - K3H — » v'HC1 3 -f HCOOK, 
the reaction being often employed for pre]»areing pure chloroform. 
Chloral combines with water to form chloral hydrate : - 

/H H 

^ - H OH —> coi, e / OH 

^0 ' \0H 

Chloral Chiorai hydrate 

14. Chloral Hydrate, CC1 3 .CH0 -4 H.,0. or CCI w .CH(OH) s . As 
already mentioned, chloral combines with one molecular proportion 

• *f water, yielding chloial hydrate. This substance forms colourless 
crystals, readily soluble in water and melting at 57 °. 

Constitution The evidence as to the constitution of chloral hydrate 
is not conclusive. In certain respects, it resembles aldehydes, while in 
others it offers a striking contrast to their behaviour. Thus, lik.‘ 
aldehydes, it gives the silver-mirror test, and reacts with hydroxy lam ine 
yielding an oxime. Hence it should be given the aldehyde structure 
< CI3.CHO j-H 2 0 . However, unlike the aldehydes, it does not polymerize 
and does not give the Schiff’s test. Hence, it is usually ascribed the 

structure CCl 3 .CH(OH) 2 . This fact is of theoretical interest, for chloral 

hydrate is one ot the very few compounds containing two hxdroxvls 
linked to a single carbon atom. 

sleep^ Se floral hydrate is used in medicine as.a.jdrugr for producing 

15. Acetone. Dimethyl-ketone, Propanont , CH3.CO.CH3 
Occurrence. Acetone occurs in minute quantities in blood and 

much**greater.* ° aSCS ° f dwbe,es and *cetonuria, the proportion is 

wbi F n r T at m u* Acetoue ,na y l>e obtained by the following methods 

^tr a c b eLm r :i wi,h,hosB -»»»■- 

»lcdiolf':-- hC OXidation of iso P ro P.vl alcohol (which is a secondary 

Ch’> CH0H 4 0—, ch 3>C0 + H.0 

Isopropyl alcohol Acetone 
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(2) By passing the vapour of isopropyl alcohol over heated, finely- 
m ided copper (catalyst) :— 

(CH 3 ),CH.OH-* (CH ;l ).,CO - K, 

(:i) From Acetic A^id. This may be done in two ways : 
t) B\ the dry-distillation of calcium acetate :— 


(CH.,COO),C<\ 

Calcium acetate 


* CH :l .CO CH : , - CaCO : 


CH ;i .CO.CH 3 ~ Ha) 4- CO, 

Acetone 


A ci* tom.* 

Tl)i' method is employed for the preparation of acetone in the laboratory 

, E\pt . 0) and on t'ho large scale. 

in') By passing the vapour of acetic acid over precipitated aluminium 

•o\id** at 40<l C ! 

CH COOH 
CH,COO H 

Acetic acitl 12 molecules) 

4 ) 1C- hydrolysing 2 : 2-dichloropropane with superheated water : 

1-1 .OH — H ■- O 

CH ..CC1,.CH : ,-> CH 3 .C(OH),.CH ;; -> CH 3 .CO.CH 3 

, • j-,iichl.)foprop;mei I'nstablc .bhydroxy Acetone 

co.ii p< >un«l 

Laboratory Preparation. In the laboratory, acetone is most 
• >nvenientlv prepared by the dry-distillation ot calcium acetata 

(CH ,COO).,C:i-* CH :l .CO.CH 3 4 CaC0 3 

P - o nace 100 crams of dried calcium acetate in a retort (or large size 
V! S,’aUaciiU m a I.icbig condenser lH* ,)• Heat the retort >•> 



pp, Preparation of Acetone. 

■men, of luminous flu,,,. %'l^T'vX^Tof ”"u*. ‘ml «£ 

m»v be directly employed far »ho«.n. th. c < f 

■ .1:.tfV s-::s£ f 

:ct»’°wIXSu 

?*«ass -.>“• " hcn — pa “;; c0 , 

... r ^ on . + Na.CO, -► i(CH,i.CO + sNa.bOj + - 

-^u;i)^ \SO 3 Na *•• . remove > 

..... is allowed .0 sum. over fused calcium chlot.de U 

,11.1 t hen distilled. 
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Manufacture. Acetone is of gre:»t. comm Tcial importance rind is 
manufactured from the different sources :— 

(1) From Wood Distillation. Wood distillation has long been the 
source of acetone in two ways, acetone being obtained (a) directly, and 
(/>) from the acetic acid, by dry distillation of the calcium salt of tin- 
la tter. 

(1) Crude acetone a ml crude wood spirit, obtained by the fractional 
distillation of pyroligneous acid (Sec. 92), contain both acetone and 
m*thvl alcohol. Each of these flections is separately shaken with a 
saturated solution of sodium bisulphite, and the crystals of bisulphite 
and the crystals of bisulphite compound, after being separated by 
centrifuging, are decomposed by warming with sodium carbonate 
solution The acetone set free is distilled off. dried with calcium 
chloride, and then redistilled. 

(ii) Alternately, acetone is prepared by the dry disitllation of 
calcium acetate (obtained from pyroligneous acid). The distillate is 
fractionated, and the fraction passing at 50 to 60 is collected sejia- 
lately. This ; s mixed with a strong solution of sodium bisulphite, 
when crystals of the acetone sodium bisulphite are formed. These are 
separated and decomposed as described above. 

(2) From Starch. Acetone is also manufactured by the fermentation 
of starch by means of Bacillus maceranus, w-butyl alcohol being obtained 
as a by-product. 


(.1) From Acetic Acid. Acetone is nowadays manufactured bv 
passing tie- vapour of acetic acid over alumina or tlioria at — g.xo C. 

2CH :l COOH-* CH,.OO.CH 3 -4- H.,0 4- CO, 

Physical Properties. Acetone is a colourless liquid, having a 
pleasant, peppermint-like odour. It boils at 56 0. It is perfectly 
miscible with water, alcohol and ether. 

Reactions. Acetone gives all the reactions of the carhom’1 group, 
(Sec. 4). They may be summarised as follows : — 

(1) Addition Reactions. Acetone combines with (») hydrogen 
(ii) hydrogen cyanide, and (in) sodium bisulphite : ' 


(•) 


CH,.C0.CH :l - 2H 


Hi) 


(Hi) 


(CH 3 ).,C=0 + H.CX — 


(CH 3 ),C=0 -f- Xa H SO. 


-v CH 3 .rH(OH).CH., 

Isopropyl alcohol 
(a secondary alcohol) 

> (CH,) 1 C<OH 
Acetone cyanhycirin 
- (CH 3 ) j C<0H 


Acetone sodium 
bisulphite 

mixture la8t reaction is utilised for the separation of acetone from a 

(2) Substitution of Carbonylic Oxygen. Acetone reacts with (t) hvd- 
roxylamme, (n) plienylhydrazine, and (Hi) phosphorus pentachloride • 

i{ ) (CH ;< ).,C0 + H,N0H-► (CH 3 ) 2 C=XOH + H,0 

Acetoxiinc 
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(i7) (C H.,)X v» -t- H .N.NH C„H . 


* (CH a )./' —N.NH ('„H . -4- H,0 

Acetone phenylhyilrazon- 

( iii ) CH..CO.CH3 ~ PCI.-* CH3.CCU.CH3 -r FOCI, 

2 : «!-Dicliloropropane 

Reactions in which Acetone differs from Aldehydes. Acetone 
does not give the reactions discussed in Sec. PU H'e following; 1 eat - 
t ions farther differentiate acetone (ard other ketones) trom aldelndes. 

(1) Oxidation. As already stated, acetone does not possess 1 c- 

ducing properties and consequently does tot react with mi " XK ,y 1 “ 1_ 
agents, such as annnoniacil silver nitrate or Fclilmg solution » 

submitted to vigorous oxidation, it breaks up, yielding at c i< 

< arhon <1 an<l water 

CH 3 .CO.CH 3 - 40 -* CH 3 .COOH + H..O - 1 - CO, 

( 2 ) Condensation H-ith Elinnnati'.n of Water. When treated with 
a dehvdra .ng agent ac etone yields the following three prod dj> 
first two being obtained by saturating acetone with cl > 

. hloride and keeping the solution for some tune, and the third >. 

tilling it with concentrated sulphuric ac id:- 

, </) Mesityl Oxide : 

.... H.jCl 

CH 3 > cO- 4 -H.CH.CO.GH 3-> 

Acetone \i molecules) 

iii) Phorone : (;H jHj() 

i:g»<CO- H, CH.CO.CH H7-M)C< CH ; - 

Acetone (5 molecules) 

Sfl 3 >C-CH.CO.CH 

Phorone 

/iii) Mesitylene : 

CH, 


{ II;t <rC -CH.CO.CH3 
CH 3 ^ 

Mt-sitvl «*xidc 


CH t 

('H 


Ch 


co 


H 3 cj: 


H,C 


CO 


CH, 

CO- 


-3H ? 0 


CH, 


CH, 


Acetone 

In the above reactions, alone 

tie «rtanyt"oi^Vn‘of a-th- ^ m . y m.der.o eon- 
Similarly, two or more moleenle. <>[ “ thw h . nd ; aldehydes or. 

ation (See. 13,. in which no water 

iS •"tetone may he identified by the t~* described in 
following oxperimont. 




Expt. 10. Tests of Acetone. Use the aqueous distillate from Kxpt. o for the 

t'ollowin^tes ^ ^ Take about 5 ml. of dilute acetone solution in a test tube. 

•,dd about t ml. of sodium hydroxide, and then about 5 drops of a f reshly pre¬ 
pared solution of sodium nitroprusside (5 per cent). A ruby-red colour is produced 

which fades to vellow on standing. . , . 

Repeat the above test, and acidify the solution at once with acetic acid. A 

purple-red colour is producec. . , . A . . .. ... ...... 

(21 I dolor,,, Reaction. <n> Acetone gives lodotorm reaction in the cold lake 


about •» ml of dilute acetone solution, add about 5 drops of sodium hydroxide, 
and then add a decinomial iodine solution. drop by drop, until the liquid becomes 
faintlv yellow. There occurs an immediate separation of iodoform. 

(/>) Repeat the above test, using ammonia instead of sodium hydroxide. On 
adding iodine, drop by drop, a small amount of a black precipitate of nitrogen 
iodide is formed. Allow to stand, or warm. The precipitate disappears and iodo¬ 
form is produced. This reaction serves to distinguish acetone from cth\ l alcohol. 

Fm mation of Indigo. Dissolve a small quantity of o-nitroben/.aldehyde in about 
1 ml. of acetone, stir the solution into about 100 ml. of water containing a little 
sodium hydroxide. Notice the rapid formation of indigo-oblue. 

Uses. (1) Acetoiu* is an important solvent, ami is used in the pre¬ 
paration of high-class varnishes, cordite, and collodion, and for storing 
acetylene. It is also employed for extracting resins from wocxl and 
for making paint and varnish removers. 

( 2 ) it is used in the preparation chloroform, iodoform, and synthetic 
rubber. 

Constitution. The structure of acetone follows from its prepara¬ 
tion from calcium acetate and 2 : 2 -dichloropropane and is fully 
supported by its chemical behaviour. As will be seen from the follow¬ 
ing structural formulae, acetone is a derivative of propane, hence the 
name propanone :— 

H H H H H 


> 16 . 


H—C—C—C—H H—C—C-C— H 

i i ! ! ;l ; 

H H H H O H 

Propane Propanone 

i (Acetone) 

Polymerization and Condensation :— 

(1) Polymerization. The term "polymerization." in its general 
sense, is applied to any reaction involing the direct union of two or more 
molecules of a substance to form a new compound, whose molecular freight 
is a multiple of that oj the orginal substance. Thus, acetylene, when passed 
through a red-hot tube, polymerizes to benzene :— 

3C*H S C, ; H (t 

Acetylene Benzene 

In the restricted sense that the term “polymerization" is applied in 
organic chemistry it refers to the union of two or more molecules of a- 
substance to from anew compound capable of reconversion into the original 
substance. Conversion of acetaldehyde into paraoet aldehyde (Sec 13) 
and of formaldehyde into paraformaldehyde (Sec. 12) are typical examp¬ 
les of polymerization. * 

rnl Condensation This term is applied to the union of molecules 
° f m °t emU - thr °’‘9h carbon bond* (or carbon-nUrogen bond*), 

wtth the product,on of a substance from which the original compound tor 
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compounds) cannot be regenerated by a simple reaction. 

Condensation may occur : (/j between molecules of tin* same subs¬ 
tance or different substances (external condensation) or (ii) between 
parts of the same molecule (internal condensation). It may or may 
not he accompanied by loss ot water alcohol, ammonia, etc. Examples 
of externa' condensation are ; 

(<) Conversion of acetylene into benzene (Chap S, Sec. .">). 

(ii) Condensation of aldehydes and ketones with hydroxy la mim* a ud 
plvnylhydrazine (»>. 130). 

(Hi) Aldol condensat ion. (Sec. 13) 

(,» Conversion of acetone to mesityl oxide, phorone and mesitylcm- 

( r . 1 :> 0 ). 

An example ot internal . ondeusation is the conversion ot the ammo- 
in i,i salt of succinic acid into succinimidc by the action of heat : 

CH..COOXH, C H .CO 


\ 


XH -h 2H..0 + XH, 


CH...COOXH , 

Ammon in xu succinate 


c H,.CO / 

Snccinimnle 

17 Crotonic Aldehyde Crotonnltlehijdn* H 3 .( H = 

CH .('HO This is ■»,, example of an nnxatnrated aldehyde, and ' d l i¬ 
ved from a hoinolognc of ethylene, viz . symmetrical dimethylethy lem- 
or -2-butene 1 . CH :; .CHC = H.(’H_,. 

Crotonic aldehyd* may be obtained from acetaldehyde through 
aldol. The latter substance, when submitted to distillation. «»i 
treated with a dehydrating agent. loses a molecule of water, yielding 
crotonic a Idehvde 

CH : ,.CH(()H).CH CHO — CH.;.CH = CH,CH(> + »_.(> 

Al<>dol or [5 liydroxybutyraldchyde Cro'onic aldehyde 

Crotonic aldehyde is a colourless, pungent-smelling liquid d>l>. l n>> )- 
It shows the typical properties of aldehydes described in Sec. 1* and 
in It gives the silver mirror te.-t and Sehifts tcsC On oxidation 
with silver oxide, it gives crotonic acid. ('H. i .CH = CH.COOH. 

In addition to the aldehydie characters, crotonic aldehyde slug's n 
behaviour of an unsaturated compound. Thus, with bromine «♦ gi'| • 
the dibromide, CH.CHBr OH Hr ('HO. Catalytic hydrogenation, w^ 
presence of nickel at .’><»° to »iO . converts it into u -butyl a kleli ■ 

CH . CH,..CH, OHO. Crotonic aldehyde combines with tiro mo •. . 

of sodium bisulphite insteud of one. When the resulting '* p( , 

compound is treated with acids, crotonic aldehyde is not i 
onh one molecule of the bisulphite being eliminated I ln> • 
the' second molecule of sodium bi-ulphite must have added at tlu 

1,01,1 QfESTIONS 

,. Name the groups of organic o.mpoun-K t. u l,M j h 1 ‘ U . >( 1 ^!n' emist itntioind 
molecular formula C-.H..O >*••?> po»il.iv belong «• v ■> P - determine its 

lormulae. ami describe exper,meats wind, you 'omM ^rtorm /(f/ „ . 

eonsitution ,„.i »i u . important reaction' 

Give general methods of preparing .ddeh> des -ml thiu ^ 

of the -HOC) group. 

•The 'A reek letter A 't/rlla \> employed to represent a double l>*»nd he ^ ;jtoJ|lS 
..i the double bond in .^arl, u chain is denoted the number ot hrst 

vonccriK'd in its formation 


•Questions] 
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V Bv what different methods may formaldehyde be synthesized 1 I.)W does 
it react with m livdrogen cyanide, i /#i sodium bisulphite, (f//1 phenylhydra/ine. (m) 
•phosphorus pentacliloride/and (;•) sodium hydroxide r Write equations, and name 

■the products obtained in each case. . . • 

4. Describe a method for the preparation or an aqueous solution of formaldehyde. 
State its important properties. Give equations. if nit. Piov. Inter., i<) J/l 

5 Explain the action of formaldehyde on each of the following : (a) ainmoniacal 
silver nitrate. 16) hydroxylamine. and I c) phcnylhydrazine. W hat part of the 
onnaldehyde molecule is each of these reactions due to J Show, by means of 
•complete structural formulae, the relationship existing between formaldehyde, 
methyl alcohol, and methane. 

6. How is formaldehyde prepared ? In what important respects does it 
diff er from acetaldehyde ? Give its important uses. 

7. Give the preparation and important properties of acetaldehyde. How 
•can it be distinguished from formaldehyde and acetone ? 

Punjab, Intcr. 194S) 

8. Acetaldehyde may be regarded as a derivative of (a) ethane or (6) formal¬ 
dehyde. Justify the statement by writing complete structural formulae for these 
'Compounds. 

«i. \ai Describe the preparation ot pure acetaldehyde. How does it react with 
• ) ammonia, ut) plienylhydrazi.ie and, liii) nascent hydrogen ? 

1/;) What tests would you use to distinguish acetone from acetaldehyde ? 

I Punjab, Inter., IQJ 3 ) 

Jo Give an account of the general methods by which aliphatic ketones can be 
■prepared. What are their characteristic reactions ? 

How is acetone prepared commercially, and what arc its uses ? 

( Punjab, I nter,, J()33) 

11 (r/) Give the commercial preparation and uses of acetone. (/>) Show what 
happens when acetone is— 

(/) Reduced, (ii) Oxidized. {Hi) Dehydrated, (/>) Treated with phosphorus 
pcntacliloride. {Punjab, Inter., 19JO) 

12. Compare and contrast the properties of ahlehydes and ketones. 

( Punjab , Inter., IQIQ) 

13. \\ rite complete structural formulae of acetone and propane, and deduce the 
structural relationship existing between the two. 

14. Suppose you are given four liquids and tnld that amongst them you 
would find:—Methyl alcohol, ethyl alcohol, acetone and formalin. How would you 
proceed to discover which was which, and how would you determine their purity? 

... . {Unit. Pro*., Inter., 1922) 

1 >. A solution contains either formaldehyde, ethyl alcohol, or acetone. How 
would you determine which of these compounds is present ? 

... ^ [Punjab, Inter., iq>3) 

10. A pleasant smelling organic liquid was found to contain C.62 *i%; H, 16-30 ; 

and O. -•7 <> c, 0 . 0.22 gm. of the substance displaced, in Victor Merer’s apparatus. 

4 ml. nt air measured at X. T. P. With a concentrated solution of sodium bisul¬ 
phite. the compound gave a colourless, crystalline product, but it failed to reduce 
ammomacal silver nitrate solution. What was the substance > 

Acetone. CH3.CO. CH*.) 

<mc , &„,Si U of«ir ning ° l 1>Cb ' mCriZatiOU - aUd lb) C ( 0 j UleUSa J i0U * 8*^8 

!r. C n Vert aCetaldehva ? iuto troton il<lehyde ? ' Write" 

. } \v‘, la V V Ut £ r COIU P oun< i, and discuss its chief chemical properties. 

acetaldehvdc form , * VOU l pertorm to distinguish between crotoaaldehvde. 

aceiaiuenx cie, lormaldehyde.and acetone? 


CHAPTER 13 


MONOCAR BOX'YLIC ACIDS 

I General. The characteristic group present in the carboxylic 
acids is the carboxyl group, - COOH These acids may be yarded as 
derived from the hvdrocarbons. and represents the final stage in the oxi¬ 
dation of the methyl group of the hydrocarbon molecuie the interme¬ 
diate stages being represented by primary alcohols and ™ 

relationship between these compounds will be clear from the following 

examples : - 


H.CH :t 

Methane 

CH 3 .CH a 

Fthaue 


H.CH 2 OH 

Methyl alcohol 
(methanol i 

CH 3 .CH.pH 

Kthyl alcohol 
(ethanol) 


H.CHO 

Formaldehyde 
(luethatial) 

CH3.CHO 

Acetaldehyde 
(etlianal) 


H .COOH 

Formic acid 
(Methane acid) 

CH 3 .C 00 H 
Acetic acid 
(ethane acid) 


Thev are called monocarboxylic acids, dicarboxylic acids, etc., accor- 

areTer^ d tan, acids, as the higher members of this senes oeeu as 
tlu- give rvl esters in fats and oils. The names of the f.ttj, at 1 an 
•mini'-ic‘and "eneralh indicate their source oi preparation, or 
number of cafimn atoms in the molecule. The names a,r,. 

ved from the parent hydrocarbons by the addition of the norcl 

Tlie most important fatty acids are . 


Acid 


Parent Hvdrocarbon 


Methane. CH4 
Ktliane. CHh-CHji 
P ropane. C«Hj.CHn 
Hutane. CjHt.CHi 
H esadecane. C t Hi A-H » 
Octadecane. C 1 7H t-Os 


Formic acid, or Methane acid H.O OH 
Acetic acid, <»r ethane acid, CH s.COOH 
Propionic acid, or Propane acid. 

Bntvric acid,or Butane acid. C, H 7 A DUn 
Palmitic acid. C 1 ^H 8 i-COOH 

Stearic acid. CitHjs-COOH i _____.- 

lyssa s* sssi » 7=85 

Acyl Groups. The groups ° The 

^^Wfy that of tuc 

bv changing the termination-.e mt U _ p ionv ] 

2 O e C nera.°Mer; of ^ 

met nods for the P r ^^™*^“^o™e”i»nding primary alcohol or 
(l) Bv the oxidation 01 uu 1 

aldehyde ~ xi. CH, COOH 


r 

* 
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Thl . oxidation can best be accomplished by means of potassnnn 
di "^cHoVsert , rio a s C bo» the structural relationship of primary 

V — ° f ,U1 '' U - aeU ' ^ 

alkali, ' / OH 

r»tr n = V-i-ilH.OH -* CH...C—OH +NH ;1 


CH 3 .C ^ X4-3H.OH 

Methyl 

cyanide 


/ 0H O 

ch 3 .c-oh - CH 3 .C<^ H +h,o 

Acetic acid 

called acetonitrile and hydrogen cynn.de *' . dcrivat ive 

containing^the three halogen atoms linked to the^ome earhon atom . 

chci 3 +:m.0H -* H.C-OH +:tHCM 

Chloroform \ 0 H 

Orthoformic acid 
(unstable) 

/OH 

H.C— OH -+ hc <0H + H *° ,U 
Noh Formic acid 

This reaction serves also to prove the structure of the carboxyl group. 
(4) By the hydrolysis of esters. This method is specially helpful for 
preparing fatty acids from fats and oils. 

3. Physical Properties. The lower fatty acids are colourless, 

corrosive liquids, possessing a strong, pungent odour. They distil with¬ 
out decomposition, and are readily soluble in water, -the solutions show¬ 
ing an acid reaction. The members C t to C„ are oily liquids sparingly 
soluble in water and possessing an unpleasant, rancid odour. From C lo 
upwards they are waxy solids, practically insoluble in water, blit readily 
soluble in alcohol and ether; they can he distilled without decomposition 
only under reduced pressure, or in a current of steam 

The following table summarizes certain physical constants of the 
more important fatty acids : 


V II 

\OH 

Ortho-a. -*tic acid 
(unstable) 


+ H ,0 


Acid 

1 

Formula 

M. P. 

c C 

B. V. 

°C 

Sp. «r. 
at 25 0 

Formic 

H.COOH 

s ‘3 : 

1 

ioo*6 1 

*'->3 

Acetic .... 

CHr.COOH 

I65 

118 

1-044 

Propioic .... 

C a H 5 COOH 

— 3 b 

M* 

0-98; 

Butyric .... 

C s H 7 .COOH. 

—4 

162 

0-954 

Palmitic .... 

C1 5 H 31 .COOH 

62 



Stearic .... 

C 17 H a5 .COOH 

60 1 

4 

— 




SYSTEMATIC ORGANIC CHEMISTRY 


[Chap. 13. 


136 

Reactions. The molecule of a carboxylic acid. R.COOH, consists ol 
two distinct parts, viz. ( i) the alkvl group, and (tt) the carboxyl 
irroup. The general reactions of carboxylic acid may consequently be 
studied under three different heads: 

(a) Reactions of the Alkyl Group. The alkyl group being the 
residue of th»- paraffin molecule, is stable towards most reagents 
(compare methane). Like the paraffin hydrocarbons, the fatty acids 
are acted on by chlorine in the presence of sunlight, or a halogen carrier 
(i ed phosphorus or iodine), yielding cbloro-substituted acids. 

Thus, acetic acid gives three chloro-acetic acids. 


CH 3 .COOH -f Cl, • 
Acetic acid 

CH,C1. COOH -f Cl., 

(' H 01., COOH - Cl., 


CHX1COOH 

Monochloroacetic acids 

CHCL.COOH 

Dichloroacetic arid 

CCL.COOH 

Trichloroacetic acid 

0 


HC1 
HCl 
4- HCl. 


(b) Reactions of the Carboxyl Group. -C<g H - The carboxyl group 
is responsible for the following two reactions that the carboxylic acids 

Xh ( l) t Acidic Character. When dissolved in water, theeorboxylio acids 
undergo ionization, yielding hydrion : 

R.COOH ^ RCOO" 4 - H + 

Hence, these compounds show the typical behaviour of an ,^id: Thcy 
neutralize alkalies, yielding salts, decompose carbonates with evolution 
of carbon dioxide, and attack metals, such as iron or zinc, > »< ldin 0 
hydrogen. Thus, acetic acid possesses the following r uctions: 

CH..C00H - XaOH F =iCH 3 C00Na -4 H .O 

Acetic acid Sodium acetate 

2 CH..COOH 4 - K.,C0 3 —* 2 CH..C 00 K + H.,0 4- CO, 


2CH..C00H -f- Zn 


2CH 3 C00K 
Potassium acetate 

^ (CH 3 COO).>Zn 

Zinc acetate 


H. 


l,er, tlx- anhydrous acids react with alcohols .Melding esters, e 
OH COOH — O..H.OH ^ OH : ,COOC 2 H „ + H 2 0 

Ac^cacid li.by. alcohol Ethyl acetate 

The reaction, being reversible,- *>est carried out in the presence 

concentrated sulphur,c ec.d, theVquilli.rki n towards the right 

dneed in the reaction, and tin S " h ^ r better yield of ester is produced 

'Le Cbateher s principle). 1 ‘ 1US a tal ° e * dehydrating agent. 

than it would he possible ,n the absence of a de ><lrat i K hdrox , (l 

,2, Action of Phosphor,,- Pr,UacMor,dr. , ic Bcids react 

o,ou pfenning a part of the carl,o.\> 1 4 ro M’ yielding acid chloride : 

with phosphor,is pentachlor.de (compare alcohols^ eld ng^ + ^ 


'H/’Coh + 1>cl ' 


Acetic acid 


3' ^C1 
Acetyl chloride 


ArotVl i ... 

Decompositions. Carboxylic ac ,( [ s 1 ^ ^’ or Tts^csidu e i n 


(c) 
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Sec. 4, 5.] 

<-Arbon dioxide and a hydrocarbon at the anode, e. •} , 


CH ; , COO H 


CH 3 .CH 3 4- 20), 4- H, 

Kthsino 




CH :t COOH 
Acetic aci<l 

i2 molecules) , 

r >) When an alkali salt, of a fatty acid is heated with soda-lime, 

earbon dioxide is eliminated and a hydrocarbon is produced 

CHiCOONa 4 NaOH -* Na 2 C0 3 4 , 

Sodium acetate Metham 

(3) When ammonium salt of a carboxylic acid is distilled, an amide 

is produced : caj3Qaslf _ _ rH,CONH s + H./» 

Ammonium acetate Acetamide 

If the ammonium salt or the amide bo distilled with P.O,, a nitrile 

is produced : , r „ 

CH 3 CONH s -* CHaCN -4- H,0. 

Acetonitrile 

(4) When calcium salt of a fatty acid (other than formic) is subjec¬ 
ted to dry distillation, a ketone is produced : 

(CH s COO).»Ca -> >00 4 CaC0 3 

Calcium acetate Acetone 

In the case of calcium formate, formaldehyde results : - 


(HC00) 2 Ca -> H.C^q 4 CaC0 3 . 

Calcium formate 1'orinaldehyde 

4. Detection of the Carboxyl Group. The presence of the carbo¬ 
xyl group in a given substance can be detected as follows : 

jl) If the substance is soluble in water, the solution will show Un¬ 
usual properties of hydrion. Thus, it will turn blue litmus red, and 
decompose sodium carl* mate with the evolution of carbon dioxide. 

1 *2) If insoluble in water, it should dissolve in a solution of sodium 
carbonate with the evolution of carbon dioxide, leaving no oilv or solid 
residue. 

(,‘I) If the substance be distilled with soda-lime, and the residue 
treated with dilute hydrochloric acid, carbon dixide w ill be evolved. 

5. Constitution of Carboxylic Acids. The constitution of the 
fatty acids follows from their synthesis from alkyl cyanides and tri- 
halides (p. 135). When an alkyl cyanide, R C s N, is heated with an 
alkali, or a dilute mineral acid, we get a molecule each of ammonia and 
a fatty acid. Since the acid produced has the same number of carbon 
atoms in the molecule as the alkyl cyanide, the carbon chain must have 
remained intact, the cleavage occurring at the C=X linkage. The 
hydrolysis may be explained by assuming the molecule of water to be 
sdlit into hydrogen and hydroxyl, the hydrogen atom, being electro¬ 
positive in character, goes to the electronegative nitrogen atom, while 
the hydroxyl goes to the carbon. By a three-fold repetition of this 
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process, we would get a molecule each of ammonia and a trihydroxy 
compound containing the three hydroxyls linked to the same carbon 
atom : 

/OH H x 

RC*N + 3H.OH -> RC / OH + H X N 

\OH H/ 

But since the acid produced is not R.CO.,H 3 but R.CO..H it 
contains one molecule of water less), we must assume that the trihydroxy 
compound, like most others containing more than one hydroxyels linked 
to the same carbon atom, at once loses a molecule of water as shown 
below :— 


/ OH! 

oh| 

\0H 


—H..O 


R.<° 

X 0H 


Hence the acid obtained possesses the above structure, (be., it 
contains a carboxyl group. — 

The above view of the constitution of the carboxyl group is fully 
supported bj’ the reactions of these acids. Thus the presence 
of a hydroxyl in the carboxyl group is proved by the action of phospho¬ 
rus pentachioride, which gives rise to an acid chloride, R.C0.C1. Fur¬ 
ther, the replacement by a metal, of only one of the hydrogen atoms 
present in the molecule shows that this one is in a different state of 
combination from the rest , i.e , the replaceable hydrogen atom forms 
a part of the carboxyl group. 

6. Formic Acid, Methane Acid, H.COOH. 

Occurrence. This acid occurs in ants (L. formica), stinging nettles, 
bees and wasps, and also in perspiration, urine and the juice of nesh, 
and may be obtained from these sources by distillation with water. 

Formation. Formic acid may be prepared by the general methods 
described in See 122, though none of these is employed in actual practice 
for the preparation of this acid. These reactions are summarize! 

below : 

(1) By Oxidation of Methyl Alcohol or Formaldehyde 

CH.j.OH H.CHO H.COOH 

Methyl alcohol r Formaldehyde Formic acid 

The oxidation can best be effected by means of potassium diclno- 

'''^rByHyd'^bsu'of Hydrogen Cyanide. When hydrogen eyaniU.;^ 
treated with concentrated hydrochloric acid, it gets h\drol\> 

AorvniQ acid and ammonia : 

/OH 

* K.c{ OH 4- XH* 

\0H 

Orthoformic acid 
(unstable) 


H.CsX 4- :*H.OH 

Hydrogen 

evanide 


/O H 
H.C x OH 
\lO H 


H.C 


O 

OH 


H..0 


Formic acid 


monocarboxylic acids 


131* 

__ * \7T II' A I’ll IN 

See. - . . 

MB', "aeSI'" nd 

salts of these acids being 

(C Laboratory Preparation. Formic acid jjj ., />H*^ ith 'an 

laboratory by heating oxalic ■ n ^‘flask ’connected" to a condenser 
equal weight- of anhydrous ghcero 1 « ‘ ■‘ t ained at U<>, tl “‘ 

and a receiver. The temperature ,* m.^ nta.ne^ at ^ ^ ^ ^ 

evolution of carbon dioxide■ sl.u » 1 * quantity of oxalic acid cryst- 

^Ta^ra d ,mmb:r 0 :rti,ne S .^until 'the required quantity of form!.- -i.L 

Oma n to or, lit in .wo s.ag«s . 

!n ******* .ho primary «$"?* " 

2 COOH . ii m 

CHOH + i - f’HOH +H,() 

COO H 

OH.,OH Oxalic CHOH 

Glycerol * ooi«l Glycerol mono-oxalate 

This, with the'rise of temperature, loses a molecule of carbon dioxide., 
yielding glycerol monoformate : 

or 2 o.co.cooh CH.,OOCH 

CO.. 


CHOH 


CHOH 


CH..OH 


CH*OH 

Glvrerol 
monoformate 

In the second stage, when more of oxalic acid crystals are added 
and the mixture reheated, glycerol monoformate is hydrolysed by the 
water of crystallization present in oxalic acid crystals, and formic acid, 
is set free : 

CH...OOCH CH..OH 


CHOH 


H.OH 


CHOH 4- HCOOH 


CH..OH CH.OH . 

Glycerol 

While the formic acid distils over, the glycerol reacts with a further 
quantity of oxalic acid, yielding more of glycerol monoformate. The 
same ejele of changes is repeated on the addition of a fresh supply of 
oxalic acid crystals :— 


Expt. I. Preparation of Formic Acid :— 

Glycerol, 30 ml. 

Oxalic acid crystals. bo gin. 

Place the glycerol together with one-liall (30 gm.) of the oxalic acid in a flask 
fitted with a thermometer aiul attached to a Liebig condenser (Fig. 1). Heat the 
flask on a sand-bath at a temperature of iio°. A vigorous evolution of carbon 
dioxide will occur ; when it slackens, allow the mixture to cool somewhat, add the 
remainder of the oxalic acid. and repeat the heating at 1 io c . The evolution ofcarbon 
dioxide will begin afresh, and, at the same time, aqueous formic acid will distil over. 
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uic oht ,inc<l iu this e^iKTimcnt for studying the reactions of for- 



Preparation of Anhydrous Formic Acid. From the aqueous 
solution ot formic acid, obtained as above, the anhydrous acid inav he 
jsnht'ed as follown:— 

(1) I he distillate is heated nearly to hoiling. and is neutralized with 
lead earhonate. I lie boiling liquid is then filtered through a Buchner 
tunnel to remove the excess of lead carbonate. On allowing the filtrate 
to cool, needle-shaped crystals of lead formate are deposited. These 
are separated and dried hv pressing between folds of filter paper. 

(-) fhe crystals ot lead formate are placed in a gently sloping 
idass tube, down which hydrogen sulphide is passed. The formic acid 
Hows off at the lower end. and is collected. 

i HCOOl.Pb -r H..S-> 2H.C00H + PbS 

head formate Vormic acid 

(.'{) The acid is freed from dissolved hydrogen sulphide by distilling 
it over a little lead formate. 

Manufacture. Formic acid is manufactured l»v passing carbon 
monoxide at a pressure of S atmospheres over soda-lime heated to 210°, 

CO — XaOH-► H.COOXi 

The resulting sodium formate is distilled with sodium hydrogen 
sulphate, when anhydrous formic acid passes over. 

HC00Xa+XaHS0 4 -> HOOOH-fXa,S0 4 

Physical Properties. Anhydrous formic acid is a colour less liquid, 
possessing a penetrating • pungent odour, and hoiling at 100-6".-pit i> 
strongly corrosive, and raises blisters on the skin. It is perfectly 
miscible with water, alcohol, ether and manv other solvents. 

Reactions. The reactions of formic acid, H COOH, may he divided 
into three classes : — 

(.4) Reactions of the CarboxyfeGroup — C<q H ‘ 

(1) Acidic ('hnraetcr. The hydrogen atom forming a P art 
carboxyl group >8 ionizable. Hence formic acid, when in aqueous 

-olntion, yields hydrion : 

HCOOH H COO -f H > 
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ur 


producing hydrogen. 

HCOOH -r NaOH 

2 H COO H - XiVoCO., 

2HCOOH -r Zn 


HCOuXa ■+■ HoO 

Socliir.n formate 

2HCOOXj‘ + H.X) + CO. 
(HCOO)«Zn ~ H 2 

Zinc formate 


\nhvdrous formic acid reacts with alcohols giving esters ; e.'/., 

HCOOH + C..H - OH ^ HCOOC.H. - H,() 

Kthvi formate 

* 

<2) Reaction irith l*hot[thorns Rentachloride. Funnier acid like <»tln r 
car boxy lie acids, reacts with phosphonis pontnchloridc. But, asfoi my t 
chloride is too unstable to exist, we get in this ease carbon monoxide ami 

hvdrogen chloride 

HCOOH -f PCI 5 - HC0C1 + 1*001, + HCl 

Formic Formyl chloride 

HC0C1 — HC1 -r Co 

i_i 

(R) Reactions of the — C^ Q Group (Reducing l'ropei tirs). For- 

mic acid, like the aldehydes, contains a —group. For this reason. 

it acts as an active reducing agent. Thus, when a solution of silver 
nitrate is added to the acid, and the mixture heated, a precipitate of 
metallic silver is produced, the formic acid being oxidized to water 
ami carbon monoxide : 

HCOOH -f O —► H,0 -f- CO, 

The reducing power of the acid may be employed to distinguish 
formic acid from its homologues, which, since they possess no aldehydie 
grouping, show no reducing properties. 

(C) Decomposition. Formic acid is capable of undergoing 
decomposition in two different ways :— 

(i) HCOOH -► HoO + CO 

(ii) HCOOH -* H“ 2 -F CO, 

The decomposition (t) is brought about by warming the acid with- 
concentrated sulphuric acid, or bv passing its vapour over heated 
alunima. Finely-divided copper, nickel and certain other catalysts 
brinsMtbout the decomposition (it).. . 

Expt. 2 , Detection of Formic Acid.- In order to apply the following tests, the- 
acid must be exactly neutralized with sodium carbonate and a few drops of ammonia 
the excess of the latter being boiled oft. A part of the solution should be evaporated 
to dryness to get the solid formate :— 

(i) Action of Heal . On heating the sodh 3 h| salt in a dry tube, hvclroQen is set. 
free and the residue gives the tests of an oxalate 1 : 


H COONa 
■+■ — 
HCOONa 
Sodium formate 
(2 molecules) 


COONa 
Ho + | 

COONa 

Sodium 

oxalate 
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(M When the dry salt is heated tdth rf.7,f/« sulfuric acid, pungent, penetrating 

whkh may be 

a pleasant, trnity odour of cth >4 fonnsitc lh o t-uncc^ te gives a red 

1 r„,ic chloride. «;h^ n a*>e«l ‘ the solution a red- 

• coloration owinK to the for "*!V t ”’" L .Vri..\orniate is produced ^compare acetic acul». 
•dish l»rown precipitate of a basic fern^ r ^entrated solution o» a .lor.naU 

^ «— . . 

ironi acetic aculi. Tho <tr.icturo of inormie aciil, 

7 Constitution of Formic Acd. Theatiactmc 

H (Y° u . follows from its synthesis from hydrogen cyanide, H. - 
; S H Thiaview is fully supported ».v 1*. formation .»> the - 
dation of formaldehyde, H.C<« . and by the hydrdysis of chloro- 

form (i>. 1°“)- an<l * ls °nnni'-uTdit ifevident that this compound is a 

Fromthe toimula of foimicat u t s methane acid Its structural 

•sa? . . fo " mo - 

..»tril<‘ is shown below: 

r, H 


H — 0— H 

H 

Methane 


H—C—OH 
H 

Methyl alcohol 
(Methanol) 


H—C=0 

Formaldehyde 

( Mcthanal) 


u n*° H.C^X 

Porino-nitrile 

For line acid illvdroiicn cyanide) 

Uses 1 Because of its strong gennicklal action, formic 

-- —• industry as " n aci 

f ° r T ^ Acid, .IcW. CH, 

t'rr.'oof. *. 

.,- u \ ; n the form of vinegar "* * . , . the oxidation of etn\i 

Formation. Acetic -d may m -„ f .n.-tlty, cyanide (,. 

alcohol or acetaldehyde, or b> 

IBS) . f Acetic Acid. Acetic acid is manufactured 

o Manufacture of Acetic acio. 

, hree different processes:- „ uan tities of dilute . acct . 1 ' 

........... * - 

reaction is 30 • 





Fig- -- 


In the “quick'’ process of the pre¬ 
paration of vinegar, large wooden vats 
(Fiji 2) are filled with beech-wood shavings 
moistened with strong vinegar, containing 
bacterium aceii (Fig. 3). Dilute alcohol (6 to 
10 per cent ) ie allowed to How slowly 
through the vats. The shavings serve firstly 
to present a large liquid suiface to the 
oxidizing action of air, and secondly, they 
provide a suitable feeding-ground for the 
acetic bacteria. Each vat is provided with 
a perforated top, T % and a perforated 
false bootom, B. Holes. H in the side of 
the vat near the bottom serve to admit 
an ascending current of air, opposite in 
direction to the flow of the liquid. Tin 

• • « • • i « 



process is repeated several times to complete the oxidation, wh ch 
requires about a fortnight. The vinegar obtained contains about 0 to 7 
per c_»nt of acetic acid. 

(2) From Wood Distillation. Large quantities 
■of acetic acid arc obtained from pyroligneous acid 
(p. US). This is separated tiom the wood-tar and 
•distilled. The vapours are passed through hot. 
uilk of lime, which retains acetic acid as calcium 
.cetate, while acetone and methyl alcohol vapours 
pass on the condenser. 

The calcium acetate solution, obtained as above. 

,s filtered and concentrated to obtain crystals of 
he crude salt. These are dried and earefully 
■ eated at 250’ to decompose tarry impurities. 

!'he residual “ grey acetate of lime," as it is commer¬ 
cially called, is distilled with the required quantity of concentrated 
hvadrochloric acid, whereby dilute acetic acid of about 40 per cent 
trength is obtained. This is mixed with a little potassium permanga¬ 
nate to oxidize the impurities, and then redistilled. 

To obtain nearly anhpdrous acid the distillate is neutralized with 
sodium carbonate, and the solution concentrated to get crystals ot 
sodium acetate, CH.,C00Xa 3H 2 0. Those are fused to expel water, 
and the anhydrous salt is then distilled with eoneentated sulphuric acid, 
he distillate is strong enough to freeze readily in cold weather, and is 
nown as glacial acetic acid. 


Fig. 3. Acetic Aci<l Bac¬ 
teria las seen under the 
microscope) 


(3) From Calcium Carbide. A method of manufacture, which was 
eveloped during the Great War, is from calcium carbide, via .acetylene 
nd acetaldehyde (p. 90). The latter compound is oxidized to acetic 

;. id by air under pressure in the presence of vanadium and cerium oxides. 

( 

10. Properties of Acetic Acid. Acetic acid is a colourless liquid, 
having a very strong, pungent odour and corrosive action on it skin. 
>n he cold weather, the acid freezes to give a transparent, crystalline 
mass (m.p. 16‘6°). Hencet-h^nameglacial acetic acid given to the anhvdi- 
->us acid. The pure acid boils at 118°, and is heavier than water. 

Reactions. The reactions of acetic acid, like those of other acids 
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of this series, may he divided into three groups:— 

(а) Reactions of the Methyl Group. Since acetic acid, CH 3 COOH, 
contains a methane residue, (i.e., the methyl group,—CH 3 ), it reacts 
with chlorine in the presence of sunlight, or a halogen carrier, giving 
chloro-acetic acids. (p 169). Like methane, acetic acid is stable towards 
oxidizing agents, and shows no reducing properties (distinction from 
formic acid). Other acids of this series resemble acet»c acid in this 
respect. 

( б ) Reactions of the Carboxyl Group. (See p. 136). 


(c) Decomposition (See p. 136). 

Detection. Acetic acid and its salts may be identified as in the 
following experiment. 

Expt 3 Detect,on of Acettc Acut and Acetate*. The t ree acid may be identified 
bv its'characteristic. pungent smell. For the following!tests, prepare a neuOm 
solution as in the case ot formic acid (Kscpt. 2). and evaporate a part ot it to get .oh l 

sodiumacet^te. ^ ^ . n a tesl . tllbe; no gas is evolved (distinction from 

iOT '™ Heat the drv salt with sulphuric acid (dilute or concentrated); pungent smell- 

'" 3 w^lthy. alcohol and conccn.ra.yd ndphurk acid i a 

truitv obour of ethyl acetate is ol\ cd. coloritioo owiui* to 

U, Add ferric chloride to th^ii^ii/i*a/ solution . a deep d dis ihar"ed * OIl boiling 

the formation of terric acetate is deve [°P^ ^ t ^ t beiiu . deposited. The cold 

sksek - - — 

1 7l. n Uses of Acetic Acid. (1) In the form of vmegar. acetic acid is 
much used as a condiment and for pickling. 

(> Large quant it 1 ‘s ot this acin ar. 

rayon and paper. , * j ( j u . manufacture of ethyl 

..in », ^..T 

ind «l“c‘er»ain metallic- acetates (ri«.. of lead. «MV"- ahm.iniun. and 
iron) are used on a large scale (scehelowi. of acotic .cid. 

12 Constitution of Acetic Acid- lbesir 

CH c< ° follows from its formation by the hydrolysis of metl. 1 

LH a L OH ’ r *tvld,-h Y de It is fullv supported by 

cyanide, and bv the oxidation of acctaldclnde. ... 

* ^he^d 

- —* - 

shown below : „ 

H M 


H H 

„—C—C—H 


H H 

Eth.uie 


H—C—C -OH 
H sH 

Ethyl alcohol 
(Etlin«*l, 


H H 

H—C—C=0 


II 

Acetaldehyde 

(Ethnnal) 
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H—C—O 


H 

I 

H—C—C 35 N 


H H 

Acetic acid Acetonitrile 

(Ethane acid) (Methyl cyanide) 

13. Acetates. All normal acetates are soluble in water, some basio 
acetates are insoluble. 

Sodium acetate. CH 3 C00Na.3H 2 O is used for artirical cooling and as 
a reagent. When heated with soda lime it yields methane. 

CH 3 COONa + NaOH -> CH 4 -j- Na 2 C0 3 

Lead acetate or sugar of had, (CH 3 COO) 2 Pb.3H 2 0, and basic lead 
acetate, CH ,COOPb.OH, are used in the manufacture of lead prepara¬ 
tions ( e.g., “white lead’ .) An aqueous solution of lead acetate is 
sometimes used under the name “lead lotion ” s an external appli¬ 
cation in cases of sprains, etc. 

Basic copper acetate, CH 3 COO. CuOH. technically known as verdigris, 
is used in the manufacture of green paint. Normal acetates of alumi¬ 
nium, chromium , mm and copper are employed as mordants. 

( 14. Distinction between Formic Acid and Acetic Acid. The 

following re lotions distinguish formic acid from acetic acid: — 

(1) Reducing Action. Formic acid is an active reducing agent 
p. 141); acetic acid, since it c attains no hydrogen atom directly*linked 

t,o the >CO^roup, possesses no reducing property. 

(2) Dammposition. Formic acid undergoes decomposition when 

heated ^^prescnce of catalysts, such as finely-divided copper or 
ruckei, 

HCOOH-» H 2 d- CO„ 

When heated with concentrated sulphuric acid, it yields carbon mon¬ 
oxide:— 

HCOOH-> HoO + CO 

Acetic acid is quite stable under these conditions. 

acid 3 i! °/ He % °u A J kali SaUs ' When an alkali salfc of formic 

aoiq is neated, it yields hydrogen, 

COONa 

2HCOONa -> H 2 -f | 

Sodium formate COONa 

Sodium oxalate 

SoSS™ t e + Na0H 1^ n + N ^ C0 »- 

heatk1fgTve: / fo™ald:h y de afc ‘'“ m “**■ Wh6n - 

(HCOO) E Ca -> H .C« ** + CaCO, 

Calcium formate Formaldehyde 

Calcium acetate on similar treatment yields aoetone. 
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(CH 3 COO) .Ca 

Calcium acetate 


CH 3 .CO.CH 3 + CaCO, 

Acetone 


mw. - 

15 Butyric Acid, Butone Acid, CH,. CH. r CH 2 . COOH. This acid 
occurs as the glyceryl ester in butter to the extent of about 7 per cent, 

and in the free stale in perspiration. 

The acid is prepared by the butyric fermentation of saccharine or 
. • 1 v materials The fermentation is efteettd by Hie combined action 

of the 'lactic bacilli and the bnhjnc bacilli. The latter consist ot slendei. 

rods in act ive is 1>rv „ are .l. and to this some sour milk (which 

A solution of stare 1 or *1 c-. - 1 J (uhirh contains butyric ferment) are added, 

contains lactic ferment) an > P“ o a(ldc( [ to kecp down the hydrion concentration 
>orae chalk or zinc carbon 1 e acidity is ruinous to the growth of the ferments) 

of the fermenting liquid (as : phosphate, and magnesium sulphate, m 

and also a little The butyric acid, as soon as produced. 

is'neutralized* b y the ^ r ^ c Z jg^it^r^^vapomte^ decomiws^^wftl^hydro- 

the starch is first co,, 
1 hiring the above moc » f 11 d lactic fermentation (?.v.) : 

r„3W C». Si rae^poeea ^butyrioacid 

Ta«i S ”cid 3 ^ S£fc-i - COj ‘ „ 

Butyric acid is an oily liquid jb. p. "" 

of rancid butter. H is used in the manufacture of ester 

14 Palmitic Acid, C,,H. „COOH. and Stearic Aejd. ^ 

are higher members of the acetl^ 6 ^ they ^obtained 

"ith superheated steam in the presenc»me, the 
latter acting as a catalyst: ^ QH 


c\,,h ; „cooch ; 

C jP.COO.CH + 3H.0H 
1 .» *>» 1 


CHOH 


3C.jH3t.COOH 

Palmitic acid 


C,,H ,.COO.CH., 

Glyueryl tripaimitate 
(tripalmitin) 

C,, H 3 5 C00 CH.» 


C,-H 35 COO.CH -r 


3H.OH 


CH..OH 

Glycerol 

CH..OH 

CHOH 


+ 30.,H,.-..COOH 

Stearic acid 


C .H 3 .COO.CH, 

Glvceryl tristearate 
(tristearine) 


CH.OH 

Glvcerol 


Oivcery i - . 

' (tristearine) . on i:.i, almost insoluble in water. 

Ti th the acids are colourless, wa.\> sol their chemical 

acidT * 5- — - •«" 

ritTto'saits and esters. obtained by hydrolysing fats and oils and 

A mixture of tJ>e; d --;f^Xturc y of “S«earinc” candles, heap 

IT" m" f the sodium sal, ^ofthcec ^ contain* 

a a^le^d « nio,c” ie. C It ia *-» the structure = 
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CH 3 .(CH 2 ) 7 CH:CH .(CH 2 ) -C'OOH 

The glyceryl ester of oleic acid is present in fats «»ndoils together 
with stearine and olein. When fats and oils are submitted to hyd¬ 
rolysis by means of superheated steam, oleic acid is obtained to¬ 
gether with palmitic and stearic acids, 

C 17 H 33 C00.CH, OH,OH 


C l7 H s; ,COO.CH -f- 3H.OH CHOH -j- 30, .H, ( .COOH 

| | Oleic acid 

C I7 H 33 COO.CH 2 v'H.OH 

Glyceryl Glycerol 

trioleate (triolein) 

The resulting mixture of acids is allowed to cool in shallow trays, 
when palmitic and stearic acids crystallize out. The cakes of fatty 
acids thus obtained are wrapped in filter doth and pressed in a 
hydraulic press. The oleic acid, being a liquid, flows out into a receptacle 
placed beneath the press. The solid cake remaining behind the cloth 
consists of a mixture of palmitic and stearic acids and is used in making 
stearine candles. 

Oleic acid is a colourless liquid at the ordinary temperature. When 
cooled, it soldifies at 4'C., yielding a mass of colourless needles. 

O'cic acid differs from the aci Is of the acetic series in being un¬ 
saturated When treated with hydrogen in the presence of finely- 
divided nickel (hydrogenation), it gives stearic acid. 

' C l7 H 39 .COOH -f H, -* 0 1 ,H.,..COOH 

Oleic acid Stearic acid 

It also combines directly with a molecule of chlorine or bromine 
(compare ethylene). 

Oleic acid is used as a wool oil and in soap manufacture. 

QUESTIONS 

<,lve S ene * aI methods of formation and important reactions of l ittv acids llo v 

ketone'^ C ° nVe “ ““ int ° (a) a W an aldehyde.’ and (" a 

f>. • I ormic acid as a derivative of methane ” Tusrifv / ?T 6) 

how it may be obtained from methane and concerted b2 mJa. h S?®" 1 '. Show 

<a) g S ,ad n aCi ,1- <*! mar sl‘ gas g (c) aStoue? ? H ° W ^ lt 

.8. Describe the reactions by which a fittv i i (U>nt - ' ‘ov. Inter., 1920) 
an aldehyde and a ketone. ' h att > acid may be converted into paraffin. 

9. Write structural formula: to brim* out J * r 93 i) 

o, ci c acids. ace 



CHAPTER 14 

ACID CHLORIDES. ANHYDRIDES. AMIDES AND NITRILES 

1 Acid Chlorides Acid chlorides or acyl chlorides are derived from 
carboxylic acids by the replacement of the hydroxyl part of the carboxyl 
group by a chlorine atom, and consequently contain the group—LOLl._ 


Acid Chloride 


Formic acid. H. COOH 
Acetic acid. CH 3 . COOH 
Propionic acid. C jH 5 .COOH 


Formyl chloride, H.COC 1 
Acetyl chloride, CH :4 .COCl 
Propionyl chloride, C^H^.COCl 


We shall describe acetyl chloride as a typical example of acid 
chloride. 

2. Acetyl Chloride, CH 3 COCl. 

Preparation. Acetyl chloride is prepared by dropping phosphorus 

. 1 1 • 1 Vi.- 


-> 3CH 3 C0C1 + PA + 3HC1. 


trichloride into glacial acid : 

3 CH 3 COOH + 2PC1 3 - . .. 

h-k t 

r tubTto r kic g p Jit tht‘LutrU grams of phosphorus trichloride are gradually ruu 


pcl, 

30gn> 



pig 1 . Preparation of Acetyl Chloride. 


:5HiE£:€Ha. ■ssMfS'-a swfija 
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w*h . thermometer. T* Uate iscoH^e. 

vided with a calcium chloride tube as . to fairly pure for the ordinary 

" * ro^uXrt»ri~ n r‘ y i. b des?rea, can on, y be ehected h y repeated 
fractional distillation. 


Acetyl chloride is » colont.cns, tnobilc liquid with 

* wLT'u^m y 

acid and hydrogen chloride are both produced . 

pxr pnfii i h OH —> CHoCOOH + HC1 

(3) Reaction with Alcohols. Acetyl chloride reacts with alcohols, 

yielding esters ; e.g., 

CH 3 C031 + C 2 H 5 OH 


-> €H 3 COOC 2 H, + HC1 

Ethyl alcohol Ethyl-acetate 

(4) Reaction with Ammonia. When treated with ammonia, acetyl 
chloride yields acetamide: 

CH 3 COCI + NH 3 -*• CH 3 CONH 2 + HC1 

Acetamide 

The excess of ammonia used in the reaction, reacting on hydrogen 
chloride, first produced, forms ammonium chloride : 

NH S + HC1 -» NH 4 C1 

(5) Reduction. When reduced by means of hydrogen in the presence 
of platinized barium sulphate (Rosenmund’s reaction), acetyl chloride 
yields acetaldehyde : — 

y CH 3 C0C1 + H 2 -» CH 3 CH0 4- HCl 

Constitution. The constitution of acetyl chloride is proved by (») 
its formation from acetic acid by the action of phosphorus trichloride, 

and (it) its reconversion into acetic acid by the action of ’water. It is 

fully supported by all the reactions of the compound. 

3. Acetyl Chloride as a Reagent. Acetyl chloride is an important 
reagent, and is put to the following uses in the laboratory ; 

(1) Detection of the Hydroxyl Group. Acetyl chloride is employed for 
detecting the presence of a hydroxyl group in the molecule of a compound. 
For this purpose, the substance,' after being carefully dried, is added, 
to an excess of acetyl chloride the mixture is heated under a reflux 
condenser for some time, and the unchanged acetyl chloride is then 
distilled off. If the substance contains no hydroxyl group, it will be 
recovered unchanged. If, on the other hand, it oontains a hydroxyl 
group, an acetyl derivative will be formed :— 

R.OH 4 - CH 3 COCI -» R.OCO.CH 3 -f HCb 

Hydroxyl compound Acetyl derivative 

The formation of acetyl derivative will be indicated by the evolution 
of hydrogen chloride during the reaction ; or the product may he boiled 
with alcoholic sodium hydroxide and the resulting solution, tested for 
an acetate :— 

RO.CO.CH 3 + NaOH ROH + CH 3 COONa 

. (2) Determination of the Number of Hydroxyl Groups in a Compound. 
This consists in the preparation of the acetyl derivatives as described 
above, and then analysing the acetyl derivative for the number of 
aoetyl groups that it contains. 
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(.*») A* a Si/nt/rdic Agent. Acetyl chloride is employed for 
synthesizing; acetic anhydride, acetamide, etc. 

4. Acid Anh/drides Acid anhydrides are derived from 
carboxylic acids l>v the removal of a molecule of water between two 
molecules of the acid ; e.g., 

c h 3 coo h 


CH.jCO OH 

Acetic acid 
(2 molecules) 


—HoO 
- -* 


CH 3 CO . q 
CH 3 CO >u 

Acetic anhydride 
(i molecule) 


5. Acetic A 


.... CH 3 CO, n 
"hydride, CH V 0 > 0 - 


Preparation. Ac.'tic anhydride is obtained by the interaction of 
anhydrous sodium acetate and acetyl chloride :— 

CH..COCI ph rn 

+ -» ph pn>0+NaCl 


C HXOO Xa 


CH 3 CO 

Acetic anhvdride 


Expt. 2. /’reparation of Acetic Anhydride : 

Aiyiydrous sodium acetate. 50 gm. 

L it up the apparatus shown in Fig. 2, the side-tube of the receiver being 
connected to a calcium chloride tube to keep out atmospheric moisture. 1 lace the 
aiihvdrous. finely powdered sodium acetate into the retort and drop slowly the acetyl 
chloride. Whence whole of acetyl chloride has been added, remove the dropping 



I'jo 2 Preparation of Acetic Anhydride, 
uiiuel. stir the mixture^!. .i.b a ^J^e c ^ t 

.topper. Heat the JJtort wt » ^ add a little anhydrous sodium acetate to the 

10 more liquid CollwU 1 1 fraction passing at 135° to M° w - 

Jar. a 

“ "r.'.'.’i™" rw" 

:^rca1rthe\e a rc1ioTdo"r;,otoccu? SO Vigorously as .1th accyl 
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chloride. 


ACID AMIDES 

These reactions are.«mn»ri«d in the folding scheme 
CHXOO.CO.CH 3 (Acetic anh>dridt) 


( 1 ) 


( 2 ) 


(3) 


ROH 


HOH^ CHj.COOH -r CH.,COOH 

Acetic acid Acetic acid 

alcohols 

cH3.c0.0R + cocoon 

Alkvl acetate 
ammonia 

SH.H - Ca.CO.NH, + CH3COOH 

• * " Acetamide 

In reaction (3) an excess of atnnionUt is l J; ecl ’ 
is formed instead of free acetic acid a one of the two 

From the above equations, it - acetylation, the other 

acetyl groups of acetic anhydride is used up in acetuat.o 

being eliminated as acetic ucid. 1 1 .. 

<0 sassszz* - 

tate and («) its conversion into acetic acid b> the actio . 

Use as a Reagent. Like acetyl chloride, acetic anhydride is* 
valuable recent for introducing acetyl groups into alcohols, sugars, 
ammonia, amines, and other organic substances. 

6 Acid Amides Acid amides are derived from the carboxylic 
acids b V A thc replacement of the hydroxyl part of the carboxylic group b> 

an — NH S group. _ 


Acid 

Amide 

Formic acid. H.COOH 

Acetic acid. CHJ.COOH 

Propionic acid, C*>H 5 .COOH 

i Formainide, H CON’II j 

Acetamide. CH .CO.NH 

Propi<mamide. CoII.CO.NH j 

. . * • i . r 


compounds. 

7. Acetamide, CH s .C0XH s . 

Preparation. Acetamide may be obtained by the following 
methods : — 

(1) By the action cf acetyl chloride on ammonia. 

CHsCOCl+NH* -> CH 3 COXH . 4 -HCI 

(2) the prolonged action of heat on ammonium acetate, 

CH 3 COONH 4 -»CH 3 C0XH,.+H.,0 

Ammonium acetate Acetamide 


This is the usual laboratory method, the procedure being as follows : 

Expt. 3. Preparation of Acetamide from Ammonium Acetate. Ammonium aceta¬ 
te (50 gm.) is boiled with an equal weight of glacial acetic acid in a large size flask, 
provided with a reflux condenser, for about 6 hours, and the reaction mixture is then 
rapidly distilled. 

The distillate is fractionated, aud the fraction passing above 200° is collected 
separately. This fraction solidifies on cooling, owing to the formation of a mass of 
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crystals of acetamide. The crystals are pressed between folds of filter paper so as to 
dry them. r r 

(3) By the action of ammonia on ethyl acetate (or methyl acetate) :— 
CH 3 C00C 2 H 5 +NH 3 CH 3 C0NH 2 + C„H 5 0H 

Ethyl acetate Acetamide 

Expt. 4. Preparation of Acetamide from E.hyl Acetate. The ester is left in con¬ 
tact with an equal volume of strong, aqueous ammonia, until it has dissolved. The 
solution is distilled slowly, the fraction passing above 200 ‘ being collected separately 
This fraction sclidifies on cooling. The crystals of acetamide thus obtained are 
dried by pressing between folds of filter paper. 

Physical Properties. Acetamide is a colourless, crystalline solid. 
It melts at 82° and boils at 222°. It is readily soluble in water and 
alcohol. 

Reactions. (1) When heated with a dilute alkali or a dilute mine¬ 
ral acid, acetamide gets hydrolystd into acetic acid and ammonia : 

ch 3 conh 3 +h.oh CH 3 C00H + NH 3 

Expt. 5. (i) Warm a few crystals of acetamide with sodium hydroxide solu¬ 

tion. Test the evolved ammonia with a moist red litmus paper. 

(li) Repeat the experiment, using dilute sulphuric acid instead of sodium 
hydroxide. Notice the smell of vinegar. 

(2) When treated with nitrous acid (sodium nitrite and hydrochloric 
acid), it gives acetic acid, free nitrogen and water : 

CH 3 C0 N H a i 

-> CH 3 COOH4-N„ + HoO 

+ HO N O j 

Expt. 6. Dissolve some acetamide in dilute hydrochloric acid and then add 
a dilute solution of sodium nitrite. Notice the evolution of nitrogen. 

(3) When distilled with phosphorus pentoxide, acetamide gives methyl 
cyanide or acetonitrile : — 

CH 3 CONH., -> ck 3 cn +h 2 o 

Acetonitrile 

The reaction serves to show the structural relationship between acetic 

acid, acetamide and acetoniti ile :— 

(4) Hofmann’s Brornamide Reaction. When acetamide is treated with 

bromine and aqueous potassium hydroxide, it yields methylamine : 

Br 2 4-KOH 

(,) OH ,CONH„ -> CH ; ,CONHBr 

Acetamide Acetobromamide 


(H) 


KOH 

CH 3 iCOiN HBr CH.,.NH, -fHBr-fC0 2 

i 0 H , Methylamine 

The above reaction ' may be employed <«) for the preparation of 
methylamine. and (6) for descending a homologous 

acid, a derivative of etl.ane, may, by the heip of this reaction, be oon 
“,Ud into methylamine or into methyl alcohol-, winch are both 
derivatives of met ne. 

Constitution. 1 he constitution of acetamide is proved (. by ' it 
formation by the interaction of acetyl chloride and ammonia. (»») by it. 

various reactions. .. 

8. Acid Nitriles. Acid nitriles, R CsN, are derived from car boxyli c 

* Methyl~alcohol is obtained from methylamine by the action of nitrous add. 


<* 

I 
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acids by the replacement of the carboxyl group by the —CN group. 
They may also be regarded as derived from hydrogen cyanide, HCN.by 
the replacement of the hydrogen atom by alkj’l groups, hence the name 
alkyl cyanides. 


Acid 


Nitrile 


Formic acid, H.COOH 
Acetic add CH 3 COOH 
Propionic acid, C0H5COOH 


Forino-nitrile, or Hydrogen cyanide. HCN 
Aceto-nitrile, or methyl cyanide, CH : ,CN 
Propiono-nitrile, or ethyl cyanide, CoH.-.CN 


Formation. Acid nitriles may be prepared by the following general 
methods :— 

(1) From amides , by distilling the latter with phosphorus pentoxide. 

CH 3 CONH 2 + P 2 0 5 -> CH S CN + 2HP0. t 

Acetamide Aceto-nitrile 

(methyl cyanide) 

C.,H 5 CONH., + P.,0 5 -> C 2 'H,CN + 2HPO, 

Propionamide Propiono-nitrile 

(ethyl cyanide) 

Since the amides may be obtained from the corresponding acids by 
the dry distillation of the ammonium salt (p. 151), tho above method 
ot preparation of acid nitriles proves their structural relationship with 
carboxylic acids and amides : — 


RCOOH -> R COONH, R.CONH, -> R.CN 

,o, rb °p yliC ac ‘ d „ Animonium salt acid amide acid nitrile 

U) from Alkyl Iodides, by heating them with an alcoholic 
ol potassium cyanide, e.g., 

+ KCN CH 3 CN +KI 


solution 


CH 3 I 


Methyl iodide 

C 2 H,I +KCN 

Ethyl iodide 

(3) From Alkyl Potassium 
potassium C 3 'anide ; e.g , 

C 2 H,,KS0 4 +KON 

Eihyl Potassium 
sulphati 


Methyl cyanide 
(aceto-nitrile) 

c 2 h,cn +KI 

Ethyl cyanide 
(propiono-nitrile) 

Sulphate, by distilling them with dry 


-> C 2 H 5 CN + K..SO, 

Ethyl cyanide " 

(Fropiono-nitrile) 

Physical Properties. The lower members aro colourless liauids 

a,ul a — “**»»• £ 

"ns,* invTr 0 °J t y \ eyanides arc : - 

acid, the nitti.es tahe 


Uh 3 U»N-fH 2 0 

Aceto-nitrile 


CH 3 CONH 2 

Acetamide 


U L IZ 
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ponding carboxylic acids : 


R.C = X 

Acid 

nitrile 


+ 3H.OH 


y oh 

r.C—OH+NIT 
\OH 

Unstable 

ortho-acid 


I 


— H a O 


rC ^OH 

Carboxylic acid 

This reaction also proves the structural relationship betwee 

“ itT n7 nlced by means of sodium and alcohol, they 

are converted into primary amines, e.g., 

CHj.CsN 4- 4 H —» 

Methyl cyanide 


CH 3 .CHoNH 2 

Ethylaniine 


-•> ., Etuylamine 

Constitution ” The’ of afkyi chides 

formation “om acid amides. Thus m ace am.de jnfcc 

methyl cyanide, the two carhon 

atoms remain united : 


< 


NH., —H*° 
O 

Acetamide 


CH,C 


CHj.CeK 

. , ^ Methyl cyanide 

Hence, alkyl cyanides may be amed to PO^^^^haviour \*ee 

^. 2 31 SDi « s& 

y-i inV^r Alkyl cyanides 

em^yed- ^ 

< 3 ^-C 5 £ «| 4 £n i»V pte^n* -iom, ^ 

(ii) For Ascending a Senes. utilized for ascending in sene , • 

alkvMialnh's and their f^nSlower member. Thus, acetic acid 

for preparing * as follows: 

mav lx* converted int ] I Reduction 

1C1 ru mci -* CH 3 CHO 

CH.COOH chloride Acetaldehyde 

Acetic acid Accl >‘ lU 

Reduction C g H c I 

—* GH 3 GHj Ethyl iodide 

Ethyl alcohol 

Alcoholic 

KCN C H CN - C.H-..COOH 

—» C 2 n. s '-'« p.-opionic acid 

lithyl cyanide P alcohol Dy the 

following series of react,ons . 


.*3ec. 9. ] 


ACID NITRILES 


Iodine and Alcoholic 

red phosphorus KCN 

CH 3 0H CH ? I CH t CN 

Methyi alcohol Methyl iodide Methyl cy.uud 

Reduction HN’O z 

CH 3 .CH,NH 2 -* CH, CHoOH 

Echvlamine Kthvl alcohol 


QUESTIONS 

1. How would you prepare acetyl chloride ? Draw a neat sketch M the epp.t- 

ratus you will use, and explain, by means of equations, the action oi water. ethvl 
alcohol, and ammonia on acetyl chloride. (Ajmer Inter., 1030} 

2. Describe the preparation of a pure specimen oi acetyl chloride. To what 

use is it put in the laboratory ? [Pintjab, Inter,, K)JI) 

3. How .is acetyl chloride acted upon by each of the following’ substances : (n 
water, (2) ethyl alcohol, (3) ammonia, (4) sodium acetate ? Give equations. 

(Unit. Prow, Inter., 1025) 

- 4 - Describe the preparation of acetamide. How may acetic acid, acetonitrile 
and mechylamine be obtained from it ? (Punjab. Inter., ioio) 

5. By what different methods can acetamide be prepared ? Describe the chem¬ 
ical properties of the compound. Indicate the steps necessary to convert it into 
methylamine. (L'mL. Prav., Inter.. /O Jl) 

(>. An organic compound gave the following results on analysis : 

(«) o-i<)7 gin- gave o. >oj gm of carbon dioxide and 0150 gjii. of water. 

(6) 0118 gm. gave 22-4 c.c of Nitrogen at N. T. I*. 

The substance when boiled with sodium hydroxide solution evolved ammonia, 
aud the dried residue when further heated with soda-lime gave methane. 

What is the probable constitution oi the original compound > 

[/l »/s. CH3.CO.NH2J (Tun jab. / n'.et . 1941) 

7. How do you prepare acetamide from ammonium acetate ? State the action 

of (1) nitrous acid, (*'*) caustic soda, and (in) phosphorus pentoxidv. on acetamide 
c tt • .. . , ... {Punjab. Intel.. 19 th 

8. How is acetic anhydride prepared ? Give its important reactions. Whv is 
acetic anhydride an important reagent : 

9. Write structural formulae of the following compounds and discuss their 
structural relationship : (,) Acetic acid. <n) Acetyl chloride, (n,) Acetic anhvdride 
(?t») Acetamide, and (;*t Acetonitrile. 

a l i l ! 0 ('H ir mnu°r :i fM i u ,C i d ho ' v wil J - vou prepare—(1) formic acid propionic 
acid, C0H5.COOH, (in) Methylamine. an<l (ir) Acetamide? 1 

PVin !J; c d ? 5 ’ OU k,,ow ‘> f l,K ‘ preparation, properties and constitution o» alkvl 

c\.mules i Of whut use arc they in organic synthesis ? [Punjab. I ntn 


CHAPTER 15 


ESTERS 


1. Esterification. An ester is a compound formed by the in¬ 
teraction of an alcohol and an acid. Thus, when ethyl alcohol and acetic 
acid react together, we get an ester, called ethyl acetate : 

CH 3 C 00 H + c.,h 5 oh ch.,cooc 2 h 5 -f h 2 o 

Acetic acid Ethyl alcohol Ethyl acetate 
The reaction between alcohol and an acid to produce an ester is 
called esterification. Esterification is a reversible reaction, since the 
ester produced is always hydrolysed by water to regenerate the alcohol 
and the acid. In order to enable the reaction to proceed as far towards 

the right as possible, a substance that could combine with water, and 

thus prevent it from hydrolysing the ester, is a d^e^ t ^o the mixture 
alco hoi and acid. The substances that are most suitable for this purpose 
are; (1) concentrated sulphuric acid, and ( 2 ) gaseous hydrogen 

2. Ethyl Acetate, Acetic Ester. CH 3 COOC 2 H 5 . 

Preparation. (1) Ethyl acetate is prepared in the iaboratory, and 
on the commercial scale, by the interaction of ethyl alcohol and acetic 

acid in the presence of concentrated sulphuric acid . 

CH 3 COOH + C.,H s OH ^ CH 3 COOC 2 H 5 + H 2 0 
The sulphuric acid serves to take up the water produced in the reaction, 
and thus prevents the back reaction. 

C t H s 0H,lVOL 
CHjC00H,1V0L 



Fig. 1 Preparation of Ethyl Acetate. cth , 

Expt. I. Preparation of Ethyl Acetate^ Ami 
cohol and concentrated sulphuric f .j an d a thermometer, the bul \° b tll 

condenser and f.tted with a.droppng Thc flask is heated on a saud-toU 

tter dipping completely mto tlm hquuUI^^J ^ mixt ure of IO o r.c. each of_alcoh l 
itil the temperature has risen to dro pping funnel at the speed at which th 

rd glacial acetic acid is nm in framux u l YV » c as possible througi 

qofi distils. The temperature must be k.p in addition 

at the experiment. acetic acid, water and sulphur d»°xide, • , 0( iium 
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to remove a.coho. The upper layer 

Mer'd arsg; fisswf*- boiii ^ at ^ to 790 

for the manufacture of ethyl acetate is by the 
polymerization of acetaldehyde (p. 124). , . 

of smokeless powder. 

Reactions (1) Hydrolysis. When ethyl acetate is heated with 
water under pressure, it gets hydrolysed into ethyl alcohol and acetic 

CH 3 COOC 2 H r , + H.OH ^ CH :i COOH + C 8 H 5 OH 

A lar»e amount cf water is necessary to displace the equilibrium towards 
the right. The reaction is catalysed by the addition of a small quanti y 

° f I'hc hydrolysis of etlivl acetate can be carried out quantitatively in the 
presence of an alkali. * The latter serves two purposes : (1) .it acts 

eatalytically and ( 2 ) it combines with the acid produced, thus making the 
reaction proceed to completion :— 

CHoCOOCoH, + H OH ^ CH 3 COOH + C 2 H..OH 
CH,CX)Ok + NaOH CH 3 COONa + H.O 
CH 3 COOC 2 H 3 -h NaOH ->• CH 3 COONa + C.,H f( OH. 

Hydrolysis of an ester by means of an alkali is termed saponification, 
as the making of soap is a useful application of this reaction. 

(2) Action of Ammonia. When ethyl acotate is shaken with an 
equal volume of concentrated ammonia, it goes into solution forming 
acetamide and ethyl alcohol :— 

CH 3 COOC 2 H 5 +NH, - CH.CONH, + C 2 H 5 OH 

Acetamide 


1 3 . Ethyl Hydrogen Sulphate, C 2 H 5 .HS0 4 . This is the acid 
ester of sulphuric acid, and is obtained by the action of the concentrated 
acid on ethyl alcohol, 

C 2 H 5 OH + H 2 S0 4 F =iC 2 H a HS0 4 + H 2 0 
The reaction is reversible, and so the yield is not quantitative. 

Expt. 2 . Preparation of Ethyl hydrogen sulphate. A mixture of equal volumes 
of alcohol and concentrated sulphuric acid is heated for about one hour on a steam- 
bath under a reflux condenser. The reaction mixture is cooled, diluted with water, 
and treated with barium carbonate to neutralize the unchanged sulphuric acid and 
to convert ethyl hydrogen sulphate into barium ethyl sulphate. The barium 
.sulphate and the excess of barium carbonate are filtered off, and the solution of 
barium ethyl sulphate is treated with cold dilute sulphuric acid, until the preci¬ 
pitation of barium sulphate is complete :— 


(CoH : ,SO.| ^Ba+HoSC^ —> 2C0H5.HSO4-f-BaS04 


The solution is once again filtered, to remove brium sulphate, and then evaporated 
at the room temperature, under reduced pressure. Water and alcohol pass off, 
while ethyl hydrogen sulphate remains behind as a thick sour liquid. 

Properties. Ethyl hydrogen sulphate is an odourless oily liquid. 
It has a strongly acidic reaotion, and is miscible with water in all 
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proportions. The more important reactions of ethyl hydrogen, 
sulphate are : 

(1) 1 he aqueous solution of the ester undergoes hydrolysis, yielding 
free sulphuric acid and ethyl alcohol, the reaction being slow at the 
or 1 inary temperature :— 

C\H s .HS 0 4 + H.OH5=£C 2 H 5 OH -r H,S0 4 

NN hen heated at 160 :| , it yields ethylene and sulphuric acid,. 

c,h, hso 4F ^c,h 4 -f h,so 4 

( : >) Winn lu-ated with alcohol at 140", it gives diethyl ether,.' 
<V* . HS0 4 - HOC.H, -> <\.H,.O.C,H, + H,S0 4 

Diethyl ether 

(4) Being a n aci<l ester, it neutralizes alkalies. Thus, with potas- 
'ium hydroxide it gives potassium ethyl sulphate, which like alkyl 
halides, is an important synthesizing agent. 

C.H,HSO l -r KOH —> C.,H s KS0 4 4- H.O 

potassium 
ethy! sulphate 

4. Ethyl Nitrite, C 2 H.,XO*. This is the ethyl ester of nitrous 
at id. and has the structure C.>H-0—X=0. 

Preparation. Ebhvl nitrite is prepaid by the interaction of ethyl 
alcohol and nitrous acid. The latter, being unstable, is formed in situ 

by the action of dilute sulphuric acid on sodium nitrite. 

A well-coole<l mixture of equal quantities of ethyl alcohol and concentrated 
sulphuric acid is slowly added to a well-coiled solution of sodium nitrate in water, 
brisk reaction sets in with the evolution of brown fumes of nitrogen dioxide. After 
the action is over the ester (which rises to the top as an oil) is separated, washed* 
dried over calcium chloride, and distilled. 

Properties. Ethyl nitrite is a colourless, insoluble liquid with a 
pleasant, apple-like odour. It boils at 17". When treated with boiling 
water, or dilute alkali, the ester is readily hydrolysed : 

C,H,NO. 4- XaOH -> C.H,OH -f XaX0 2 

Distinction from Nitro-ethane. Ethyl nitrite and other a Iky I 
nitrites differ from isomeric nitroparaffins in structure and properties 
(refer to Sec. 7). 

Use. In the form of sweet spirit of nitre (which is an alcoholic 
solution of the ester) ethyl nitrite is used in medicine in mild febrilo 

attacks. 

5. Other Esters. Numerous other esters arc known, and many 
of them are used as artificial perfumes and flavourings. They resemble 
*-thyl acetate in preparation and properties. 

Methyl acetate, CH a 000CH, (b.p.57"), possesses a fragrant odour, 

and is used as an artificial perfume. . 

Ethyl butyrate, C 3 H-COOC.H,, possesses an odour similar to mat. 

- f nine-apple, and is used in compounding the artificial essence. 

Ethyl cinnamate is used in soap perfumes and as a cons i <■ 1 

oriental bouquets. nHnur 

Ethyl isovalerate and ethyl malonate both possess an apple oaour, 

and are used in compounding the artificial fruit flavour. . 

Amyl acetate has the odour of pear, and is much used to impair 


esters 


lo'.> 
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to confectionery. 


this flavour «, — cster cail be indentitied by 
6. Identification of an Ester. • f 1() pt . r cent sodium 

boiling it under a reflux condenser with an excess oi i 
hvdZid “solution, until no more oily drop, are v. 0 o 

RCOO.R' -f NaOK —» RCOONa -f- R OH. 

Sodium salt Alcohol 
of the acid 

The Product is then distilled, until about one third has passed over. 

T «> d st Hate is examined for the alcohol, and the residual liquid m the 
2* t the^ acid Inponont. If the alcohol be non-volal.lc ,t .« 

* X * The°most* hiuportant physical tests for an ester are the determination 
of its melting point and boiling-point. 

7 Distinction between Esters and Salts Esters correspond to 
salts of inorganic bases, but the two classes of compounds d.Her f. oni 

of a base by an acid is an instantaneous 
reaction the esterification of an alcohol by an and .s a slow process. 
The latter is reversible, and an agent, such as sulphuric and or gaseous 
hXogen eWoride must be added to "bind - the water formed and thus 

help the forward reaction : 

ch 3 cooh + C.,H 5 OH CH 3 COOC.,H. -i- HoO 

(2) Esters are usually liquids, possessing a pleasant, fruity odour, 
while salts are generally crystalline and possess no odour. 1 

( 3 ) Esters are insoluble in water and are non-electrolytes. Salts, on 
the other hand, are electrolytes, and in aqueous solution, give the ionic 
reactions of the component acid .and basic radicals. 

(41 Salts of strong bases, e.g., potassium nitrate, sodium chloride, 
calcium chloride, etc., are stable towards alkalies, while those of weak 
has* s, e.g. cupric sulphate, ferric chloride, etc., are instantaneously 
decomposed by an aqueous solution of an alkali, with the precipit at ion 
of the metallic hydroxide. Esters, on the other hand, are hydrolysed 
by alkalies and acids only gradually, and this behaviour is common to 

all esters. 

(5) The behaviour of salts towards aqueous ammonia is the same 
as with a caustic alkali. Esters, on the other hand, India vc diftf rent ly 
towards these reagents. When treated with strong, aqueous ammonia, 
they yield mixture s of amides and alcohols, e.g., 

CH 3 COOC 2 H 5 + NH 3 -» CH 3 CONH., + C.H.OH 

’ ' Ethyl acetate Acetamide Ethyl alcohol 

s \8. Waxes. Waxes arc mixtures of esters of higher fatty acids with 

• higher primary alcohols. They may also contain varying proportions 
of these higher acids and alcohols in the uncombined state. They are- 
insoluble in water, but dissolve in benzene, light petroleum and carbon 
disulphide. They may be of vegetable origin (vegetable waxes) or 
animal origin (animal waxes.) Their natural function is to protect 
certain tissues, against penetration by water. They find use in tlit* 
manufactures, of candles, polishes, etc. 

. 1 The odour of such salts as ammonium carbonate and cupric acetate is due to 
the basic or the acidic component, and not to the salt itself. 
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Some of the more important waxes together with their respective 
source, chief components and uses, are listed below :— 


Wax 


Carnauba wax. 


Wool wax. 


Rees wax. 


Spermaceti. 


Wax 


Chinese wax. 


Source 


i 


Chief components 


Exuded by leaves 
of a palm (Co-y- 
pha cerifera) 

found in South 
America. 


Meli&sic acid. 
Ci9H5 9COO 


Natural grease con¬ 
tained in sheep’s 
wool. 


Esters of the un¬ 
saturated alcohol 
cholesterol, 

c 27 h 45 oh. 


Secreted by the Mixture of cerotic 
common bee acid, 

(Apis meJlifica) as C 2 r,H 51 COOH. 

a product of a n d myricyl 

digestion. palinitate, 

C j:> H 31 COOC:,oH 01 


Characteristics 
and Uses 

Has the property 
of imparting high 
lustre Hence used 
in the manufac¬ 
ture of polishing 
| pastes, varnishes, 

I etc. 

Has the valuable 
property of yield¬ 
ing emulsions with 
water which are 
easily absorbed bv 
skin. Hence used 
as a basis for 
ointments and 

cosmetics. 

Hoot polishes, cos¬ 
metics, lithographic 
ink. 


Occurs in head 
cavities aud blubber 
of sperm whale. 


Cetyl palinitate, 
C15H31COOC1 0H33 


Brittle and 
powderable. Used 
in making sperm 
candles, cerates and 
cosmetics. 


Source 


Chief components 


Characteristics 
and Uses 


Is the secretion of 
an insect (Coccus 
ceriferus) larvae of 
which infest the 
bark and twigs of 
the evergreen tree 
Ligu strum lucidum 
found in Western 
China. 


Used for making 
candles, polishing fur¬ 
niture and leather, 
etc. 


QUESTIONS 

1. What are esters ? How do they differ from salts ? ^ ^ ^ jp22) 

2. (o) what are the typical properties of an ester ? Illustrate your answer with 

folding compounds es/ers or sails ? r-Ethyl sulphate, ethyl 
salate, ammonium acetate, methylamine formate, sodiuu JnUr ., 1925) 


uestions 



.1 


rotate in 


th« 


, Describe fullv the preparation of a sample of purect»»yl 
laboratory and give its properties. acetate in the laboratory. 

Give the important properties <»t this. thc s;unc molecular formula viz.. 

C you^vere^ive^bot U^icws^omiHnMt^s!' how will you proceed to find 

which is which ? . , , , 

6 . What are the methods commonly used tor 

Illustrate with reference to acetic acid. How are 

identifi ^ pleasant-smelling organic liquid was found . , . ■ > it 

and H=8i percent. When boiled with an aqueous solution of «.mstic soda, it 

cave methyl a'cohol. The alkaline residue when evaporated to dryness and hcatc 1 
ga\ e meuij i e « which proved to ho methane. What was the 


esterification of ail aci«l? 
components of an ester 
{Ajmer. Inter., 1932) 
to contain C=i8 h per cent 

• a % • a 


the 

the 


with dry soda lime gave off a gas. 

•* ... ■ • . 1 1 


original liquid ? explain the above reactions. ( ^ Methy , acctato . CH .COOCH, ) 

8 How would you distinguish an acid from an ester, both of which had the 
same molecular formula C t H, O, ? How would you proceed to determine the nature 
of the acid and alcohol combined in an ester of the above /w /#J ,„ /9 ^, 

0 Write full structural formulae of the following esters :— (i) b.thyl acetate. 
(ji) Methyl acetate ; (lit) Ethyl formate. How may each of these conq ounds he 
regarded as derived from methane. 


CHAPTER 16 


FATS, OILS AND SOAPS 


I. Fats and Oils. Fats and oils are mixtures of normal glyceryl 
esters of higher fatty acids, notably those of palmitic acid, C 15 H 31 . 
COOH and stearic acid, C, 7 H.,,.COOH. and certain unsaturated acids ; 
such as oleic acid, C 17 H 33 C.OOH. The name of a glycerol ester is deriv¬ 
ed from the acid that it contains and it has the suffix-in attached to it. 
Thus palmitin or glyceryl tripaluiitate, which is the chief constituent of 
palm oil, is formed by the combination of three molecules of the monob¬ 
asic palmitio acid with one molecule of the trihydric alcohol, glycerol: — 


ch 2 .oh 

1 

CH.OH -f 3C 15 H 31 .C00H 

C l5 H 31 C00.CH 2 

| 

C A5 H 31 C00.CH + 3H 2 0. 

Palmitic acid 


CH«, OH 

c 15 h 31 coo.ch 2 

Glycerol 

Palmitin 


Similarly, stearin and olein possess the formulae, 

o 17 h 3 ,coo.ch 2 

C 17 H3 3 C00.CH 2 

c 17 h.,,coo.ch 

and C 17 H 33 COO.CH 

c 17 h.,,coo.ch 2 

c 17 h 33 coo.ch 2 

Stearin 

Olein 


2. Properties of Fats and Oils. While the two fatty acids, palm¬ 
itic, and stearic are solids (melting respectively at 62° and 69°), the 
unsaturated oleic acid is a liquid. Corresponding to this the glyceryl esters 
derived from the fatty acids are solids, while that derived from oleic acid is 
a liquid. The consistency of a particular fat or oil depends, of course, on 
the relative proportions of the three esters that it contains. Thus palm oil 
of which the chief constituent is palmitin, has the consistency of butter, 
while olive oil, which contains about 75 per cent of olein is a liquid. 
The animal fat contains 75 per cent of stearin and palmitin and 25 per 
cent of olein It has a solid consistency in the cold weather ; at the 
body temperature, it is a liquid. Ghee (butter fat) differs from a 1 other 
fats and oils (except cocoa-nut) in containing a large proportion (7*7 per 


cent) of butyrin. , . . . . , 

Fats or oils are insoluble in water and sparingly soluble in alcohol 

They are readily soluble in petrol, benzene, kerosene oil, chlorotorm ana 

ether. They are specifically lighter than water. They are non-volatile, 

and when heated strongly they undergo decomposition. 

Certain oils, eg , linseed oil when ex pnse.1 to an, 'V'“ 
imr owin<* to the absorption of atmospheric oxygen Iho process is 
known as "drying and an oil possessing the property of drying is called a 
dr vine oil Other examples of drying oils are lung oil, hemp seed oil 
\ ^ nmi nil Di ving oils are extensively ustd in making paints. 
Ohve^oili^ a°non-dryinff oii, Is i, lacks the property of d,»*Cotton 
seed oil castor oil, .etc , possess the property of drying, though 
smaller extent than the typical drying o.ls referred to above. They 

are, therefore, semidrying oils. 
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The two important reactions of fats and oils are: (1) hydrogenation 
and (2i saj>oi)ification. 

3. Hydrogenation of Oils. This process consists in the direct 
addition of hydrogen to oil-* in the presence of finely divided nickel, 
whereby the liquid glyceride olein is pa rtially converted into the solid 
glyceride steurin : 


C 17 H 33 COO.CH 2 

C’,, H ,-COO.rH, 

1 N'i 

1 

C 17 H 33 COO.CH 4- 3H 2 -> 

C. -H,- COO.CH 

o 17 h 3:i coo.ch. 

1 

C 17 H 9 ,COO.CH 2 

Olein (liquid) 

Stearin (solid) 


This reaction is analogous to thc conversion of ethvlene into ethane 
and forms the basis of the manufacture of artificial ghee from vegetable 
oils. 

4. Saponification of Fats and Oils: Soap. Fats and oils, like 

other esters, are hvdrolvs-d bv solutions of caustic alkalies. The 

% * % 

products of hydrolysis in this case are (1) glycerol, and (2) soap, i.e., 
a mixture of sodium salts of the acids present. In the case of stearin, 
which is a typical constituent of fats and oils, the change may bo rep¬ 
resented by the equation: 

C 17 H ;l ,COO CH a CH/JH 

C i7 H 3s COO.CH + 3XaOH-> CHOH + 3C 17 H ss COOXa 

Sodium stearate 

C 17 H. is COO.CH 2 CHoOH (a soap) 

Stearin Glycerol 

(Glyceryl tristearate) 

Palmitin and olein, the other two constituent of fats and oils, are 
similarly decomposed to give glycerol and sodium salts of palmitic and 
oleic acids 

Since the hydrolysis of a fat or oil by means of caustic alkali results 
in th«* formation of soap, the reaction is called saponification. The 
saponification of fats and oils is carried out on a large scale by the 
following two processes :— 

(l) Cold Process. This process consists in the saponification of 
fats and oils by means of a concentrated solution of sodium hydroxide, 
the glycerol produced being left in the soap. 

A weighed amount of the fat or oil is placed in an iron vessel, pro¬ 
vided with a stirring arrangement, and is brought to the proper tem¬ 
per, turej_Go”G in cold weather and 50’>C in hot). A calculated quantity 
(usually to per cent by weight of the fat or oil used) of a concentrated 
solution (pp gi 13 o) of commercial caustic soda (74%) is then rapidly 
run in and the mixture thoroughly stirred, until it has assumed the 

con^rS ° f i* thlCk past0 : Th,s is n,n out ^to a soap frame, which 
2 , , f f a / gC w .° odenor iron l>ox with detachable sides, and 
wheels 1 ho frame is well covered up to keep in the heat. 

IvoluUonLi C VCCn f a ? d a,kali P roceeds with considerable heat 

ln ^ days time in the case of a small batch. 

taken out of the^arne™* ^ S ° * allowed to cla P se before the soa P « 
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(2) Hot Process. This process is at present employed on the 
largest scale. It is carried out in a soap kettle, which consists of a 
lar^e cylindric il vessel fitted with an open steam coil for heating the 
contents. A msasured quantity of fat or oil is run into the soap kettle, 
and then a dilute solution of caustic soda (sp. gr. 1* J17) amounting to 
about one-quarter of the theoretical quantity is introduced. Steam is 
turned on, and the mixture vigorously boiled An emulsion is first 
formed and as the alkali is taken up by the fat, additional amounts are 
gradually run in, till finally an excess is present, and the mass has be¬ 
come clear and homogeneous. 

Dry sodium chloride is now shovelled into the mass to throw the 
soap out of solution, the mixture well boiled, and then allowed to settle. 
It separates out into a layer of soap above and ‘spent lye* (t. e„ aqueous 
solution containing give* rol, excess **f NaOH, and NaCl) below. The 
lower layer of spent, lye is run off. During the above process, water is 
withdrawn from the soap to dissolve the dry salt ; hence the soap loses 
its transparency, and assumes a ‘grain-like’ appearance. The process 

is, therefore, termed ‘graining* the soap. . , 

The curd v mass of soap is now boiled up with water, to form a hom¬ 
ogeneous mass, a fresh quantity of caustic soda solution is added and 
the boilin*' v:<»ntinued to ensure complete saponification of the fat. final¬ 
ly, the lye is again separated by the addition of salt. The process is 
sometimes repeated to eliminate, along with the lye, impurities which 

S1> °pin^ t llv^ th^c^pe^soap is boiled up with water until a homogeneous 
mass is obtained It is then allowed to settle fora few days, when 
there is found at the bottom of the pan a small amount of dark-coloured 
Ive ; above this there is a layer of dark-col.ured soap (which owes its 
colour to the presence of iron soap and other impurities). On the top 

i,f ll e la i ter lies the large bulk of “neat soap . A 

The upper layer of neat soap, whilst still warm, is run into soap 

frames, where it solidifies and hardens The frames are then opened 
un and the soap cut first into slabs and then into bais. 

’ ,■ r < ,h place 2 S crams of cocoa-nut oil in a porcelain 

Expt. I. Preparation of Soap. 0 Y . * stfc foda in 8o c.c of water. Boil gently 
dish. And a solution of 5 K ra, “- . ' hour t j, e oil disappears completely. 

with continuous stirrmg In abon hal an hourUi ^ weif. and set 

are divided into tuo chi f * fi tic coda is employed for effecting 

farmer, which are far "mre —caTsL^otash is used 

saponification of on the market in the form of a 

for this purpose, bolt soaps aro F 

paste. U a \ n nnture When dissolved in water, they g»™ 

^° f W^'^ a !-ovai'of grea-e the di^rticles •» f ™“ 

the surface of the cloth, and are cashed away. 
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6. Uses of Fats and Oils Fats and oils find numerous applicat- 
ions, the more Important of which are : 

$ ft/S?—,u"glycerol and stear.no candle, 

(4) /« Pkrmacl/. Thus, cold-pressed castor oil and croton oil arc 
used as purgatives Almond oil is used both internally and externally. 

Cod-liver oil is prescribed in wasting diseases. . , 

(5) A* Lubricants. Lower grades of castor oil, certain fish oils, sar.son 

oil, and many others are used as lubricants. . 

(6) As Hair Oils. Refined vegetable oils of non-drying character an, 

used as hair oils. , ...... 

(7) As Jlluminants. Sarson oil is much used as an ilium man t in 

villages of the Punjab. Other vegetable oils and fli*h oils are used 

similarly. , . , , 

(8) oils are also used in making oil-cloth, linoleum, printing inks, and 
insulating materials, in leather and wool dressing and in the tempering 
of steel, etc. 

7. Mineral Oils. Mineral oils derived from petroleum. They are 
mixtures of liquid hydrocarbons of the paraffin and other series. Hence, 
though resembling in physical properties with vegetable and animal oils 
(which, as mentioned above, are esters), they differ from them entirely in 
their die ideal behaviour. Thus, while vegetable and animal oils are 
hydrolysed by alkalies to produce soap, mineral oils are stable towards 
alkalies, and cuinot, therefore, be employed in soap manufacture. 

Kerosene oil, petrol lubricating oils, and liquid paraffin are examples 
of mineral oils. 

QUESTIONS 


1. What is the nature of fits and oils derived from the foodie * of animals and 
plant seeds ? In what respects do they differ from mineral oils ? Give three different 
examples of ( a) vegetable oils, and (/>) mineral oils. 

2. Compare the properties of fats and soaps, and hence show how you could 

distinguish them experimentally. {Unit. Prov. % Inter., K)2S) 

3 What is soap ? Can soap be prepared from kerosene oil ? Describe briefly the 
manufacture of soap. {Unit, Prov % , Inter., 1021) 

4- What do you understand by the term Saponification ? Give examples of this 
process in the laboratory as well as in the factory. {Punjab. Inter., 1930) 

5. Write notes on —(<?) drying oils, (b) hydrogenation of oils , (r) hard and 
soft soaps, and (d) cleansing action of soap. 

6. What is the action of a boiling solution of caustic soda on the following 
substances:— (a) Acetaldehyde. (/>) Acetamide, (e) Chloroform, (d) Pats ? 

{Unit. Pyoxk, Inter., iQjo) 

7. State in detail the method you would use in preparing a sample of soap free 

from oil and excess of alkali. {Unit. ProvInter., /Qjo) 

8. What are oils and fats, and how do they differ from mineral oils ? What are 

their uses ? Descride the processes for the manufacture of soap, and explain its 
cleansing action. (Pu „ Jab _ Jnler _ xg44) 


CHAPTER 17 


AMINES AND NITROPARAFFINS 


I. Amines. The amines arc derived from ammonia, NH 3 , by the 
replacement of hydrogen by alkyl groups. The structural formulae of 
ammonia, methylamine, and ethylamine, given below will show the 
structural relationship of these compounds :— 


H 

H 

1 

H— C 

l 

H 

H 

1 

H 

1 

C 

1 

H 

H-N^ 

- N < 

1 

H—C— 
1 

-N< 

H 

1 

H 

H 

H 

H 

H 


Ammonia Methylamine Ethylamine 


It is evident that methylamine is derived from ammonia by the 
replacement of a hydrogen atom of the latter by a methyl group. Simi¬ 
larly, ethylamine is derived from ammonia by the replacement of a 
hydrogen atom by an ethyl group. 

Methylamine and ethylamine are examples of primary amines, and 
contain the amino-group, — NH 2 , in their molecules. When two or three 
atoms of hydrogen in ammonia are replaced by alkyl groups, we get 
secondary amines and tertiary amines respectively. The simplest 
examples of secondary and tertiary amines are :— 

(CH 3 ) 2 .NH and (CH 3 ) 3 N 

Dimethylaminc Trimethylamine 

(a secondary amine) (a tertiary amine) 

The alkyl groups in a secondary or a tertiary amine may be all identi¬ 
cal, as in dimethylamine and trimethylamine, or they may be different, 

as in methyl ethylamine, c|h 5 > NH » or dimethylethylamine, 
™ 3 >N.C 8 H 5 . In the former case, the amine is said to be a simple 

v-/ il 

amine and in the latter, a mixed amine (compare ethers). 

2. Primary Amines, R.NH 2 . We shall discuss Methylamine, 
CH 3 .NH 2 , and Ethylamine, C 2 H,.NH 2 , as typical examples of primary 
amines. Other amines of this class may be prepart d by methods analo¬ 
gous to those described in these cases, and possess exactly identical 
propert ies. The chemical properties in which primary amines differ from 
secondary and. tertiary amines are discussed in Soc. Kil. 


3. Methylamine, CH 3 .NH 2 . 

Preparation. Methylamine may be prepared by the following 

net U °)%nm Methyl Iodide (Hofmann’s alkylation method). 

odide is heated w=th an alcoholic or aqueous solnt.on of ammonia mjr 

ealed tube, we get, among other products*, methylamine hy dr.odide 

- ... CH.NHo.HI 


CH..I + HNH. 


CH 3 NH 2 4; HI 

m f . ^ ..t <> m « n A 


a w at. « 


1 I . J1J* 


1 See under Secondary and Tertiary (Sec. . 6 o), 

a More correctly methylammonium iodide. (CH3NH3) 
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The reaction clearly shows the structural relationship of methyliodid© 
and methylamine. 



AUGUST WILLIAM HO I'M ANN (1S18—i8.,j) 

distinguished pupil of Liebig. H e is well known for his work on amines and the 

organic bases present in coal tar. 

(2) From Methyl Alcohol. \\ hen a mixture of methyl aleliohol vapour 
and ammonia is passed over heated alumina or thoria. mef hvlamino 
(together with di- and triinethylamines) is produced : 

^ H 3()H+H Nil, -> CH 3 NH, + H.O 

Methylamine 

(3 ) From Hydrogen Cyanide. Methylamine is also produc'd when 
hydrogen cyanide is reduced by means of metallic sodium and alcohol - 

HOX +411 CH,.NH, 

Hydogcn cyanide Methyl.inline 

(4) From Acetamide (Hofmann’s bromamide reaction) See />. 152 
T,: fl ^ r i° pe 1 rt,eS d^M^ylaminc is a colourless gas possessing an ammo- 

1 ™ on,a is excecding,y soh,bie in ~ u — 

(2) Basic Nature. Methylamine, like ammonia, is a basic anhydride 

Its aqueous solution contains methylammonium hodroxide. 

CH 3 NH 2 + H .OH?=i( C H 3 NH 3 )OH 

Methylammonium v 

# hydroxide 

Wh ‘° h 18 a 3tr0nger ba5e than ammonia, and ionize? to give bydroxidion 
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him! methylammonium ion :— 

(CH 3 NH 3 )OH (CH.,NH.,) + + OH' 

1' 01 4 his rrason. an aqueous solution of methylamine turns red litmus 
l>luc and turmeric brown. It neutralizes acids and precipitates the hv- 
dioxides of heavy metals from aq^uous solutions of their salts ; e. g. 

CH 3 NH 3 OH -fHI —» CH 3 NH 3 I +H 2 0 

Methylammomum Methylammonium 

hydroxide iodide 

FeCl 3 H- 3 CH 3 NH 3 OH -> Fe(OH ) 3 +3CH 3 NH 3 C1 

Ferric hydroxide 

Like ammonium chloride, methylammonium chloride combines with 
platinic chloride to give a yellow, crystalline platini chloride having the 
formula (CH 3 NH 3 ) 2 [PtCl 6 ). * 

(3) Action of Nitrous Acid. When treated with nitrous acid, methy¬ 
ls mine yields methyl alcohol, nitrogen and water (compare the action of 
this reagent on ammonia and also on acetamide, p. 152) :— 

4-HONO 2 -» CH » OH +N,+H,0 

-r nu xN yj Methyl alcohol 

(4) Alkylation. Methylamine and other primary amines, resemble 
ammonia in reacting with alkyl halides, yielding secondary and tertiary 
amines and quaternary ammonium salts (Sec. 163). 

(5) Acylation. It further resembles ammonia in reacting with acid 
chlorides, yielding substituted amides ; e.g. 

CH 3 C0;C14 H!NH(CH 3 ) -> CH 3 .CO.NH(CH 3 ) + HCI. 

Acetyl chloride N-methyl acetamide 1 

( 6 ) Carbylamine Reaction. When methylamine is warmed with two 
or three drops of chloroform and a little alcoholic potash, a highly disgus¬ 
ting odour of methyl carbylamine is produced :— 

CH.NH, + CHCI 3 + 3KOH CH 3 NC + 3KC1 4- 3H.0 

Methyl 

.. carbylamine 

The reaction is used for the identification of primary amines and of 
chloroform (compare p. 87). 

4. Ethylamine, C,,H,.NH,,. Ethylamine closely resembles methyl- 
inc*. It may be ]>repared from ( 1 ) ethyl iodide, ( 2 ) ethyl alcohol, 

(3) methyl cyanide and (4) propionamide by methods analogous to those 

described above for methylamine. 

C 2 H,I +NH 3 C 2 H,NH 2 HI 

Ethyl iodide Ethylamine hydnodide 

C 2 H,OH -f NH n —> C 0 H,.NH ? + H 2 0 

Ethyl alcohol Ethylamine 

CH.CN +4H—> GH 3 .CH 2 .NH., 


amine 


0 ) 

( 2 ) 

(3) 


Methyl cyanide 


F.thvlamide 


(4) (i) 


Pr + KOH 

C 2 H-,.CO.NH 2 -> C 2 H,.CO.NHBr 

Propionamide Propionbromamidc 


; Thelettcr N here indicates that the methyl group has replaced one of the 


hydrogens linked to the nitrogen atom of the acetamide molecule. 
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C w CON HBi C,H,.NH, + C0 2 + HBr 

' 1 O :Ho Ethylamine ^ . . 

Properties. (1) Ethylamine^ i^a ^°"i]quid° 8 Ethylamfne closely 

temperature, it liquefies to gi' e h an ammo niacal odour, is 

resembles methylamine in P^ rtl **\ ^ “ Uow fiamo. 

hizhly soluble in water, and burns v • basic properties. Its 

2 (2) Ethylamine, like methylamine. Co fc rN H,OH. It 

aqueous solution contains precipitates" the hydroxides 

turns red litmus blue, neutralizes acid * P j t . also forms a yellow 

of heavy metals from solution of the r s-its 

ethyl alcohol, nitrogen and 

™ ter:_ C 2 H,N h 2 c 2 h 5 oh +n 2 +h 2 o 

+ HON.O Ethyl alcohol 

(4) It react, with alkyl yielding secondary and tert.ary 

"“‘(ST a d a q ""s ^“c^fceldi'ng substituted amides. 

OT.wa+HNBKi.ig - c =vS'!S HHC1 

(6) When walmed with chloroform and alcoholic potash it yields ethyl 
carbylamine, which possesses a highly disgnst.ng odour 

C 2 H 5 NH 2 +CHC1 2 +3K0H - C,HjNC + 3KC1 + 3H.O 

carbylamine 

The reaction may be used as a test for ethylamine ^ 

e c rA nH^rv and Tertiary Amines. In Hofmann s method for th 

ssj&zzzZ ssssssj 

ammonium salt (See. 102). Thus, with ethyl iodide the reaction proceeds 
in the following stages, whioh proceed simultaneously. I 

(0 c 2 h 5 i+h nh 2 -> c 2 h nh 2 .hi 

2 . Ethylamine hydnodide v 

(ii) C 2 H 5 :fSt]NH(C 2 H I )^ t (C 2 Hs)^H.HI dide 

(iii) CH. I+H N(C,H.) 2 
(tv) C a H 5 I+N(C 2 H 5 ) 3 [(C 2 H s ).N]I 

v 7 “ Tetraethylammomum iodide. 

SeDaration. The mixture of the above salts is distilled with potassium 
hydroxide , when the primary, secondary and tertiaTy 

The quaternary ammonium salt, being not decomposed by alkali, is Lett 

6 From the distillate, the three amines can be separated by various me¬ 
thods 




I ^ g 

The three amines present in the distillate may be separated from each 
other by fractional distillation. This is possible only in the case of pro- 
pylamines and the higher members. The lower amines viz .methyl- 
amines and ethylamines cannot be separated by fractional distillation, 
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eince in these cases the boiling points of primary, secondary and tertiary 
amines are far too near. They can, however, be separated by fractional 
crystallization of the hydrochlorides. 

A general method (Hinsberg’s method) for the separation of the three 
amines is as follows ;— 

(») The mixture is treated with benzene sulphonic chloride 4 C 6 H 5 S0 2 C1, 
when the primary and secondary amines react, yielding mono- and 
di-alkyl substituted amides : 

C 6 H 5 S0 2 C1 4- NH 2 R -> C c H 5 S0 2 NHR + HC1 

Primary Monalkyl benzene 

amine sulphonic amide 

C 6 H s S0 2 C1 -4- NHR 2 C 0 H 5 SOoNR 2 + HC1 

Secondary Dialkyl benzene 

amine sulphonic amide 

The teriary omines, since they contain no hydrogen linked to nitrogen, 
do not react. 

(ii) Tlie reaction mixture is strongly alkalified with potassium hy¬ 
droxide, when the primary-amine derivative dissolves forming the potas. 
sium salt, C 6 H 5 S0 2 NKR. The secondary-amine derivative, since it 
contains no hydrogen linked to nitrogen, remains undissolved. 

(tit) The alkaline liquid is now extracted with ether, when the tertiary 
amine and the secondary-amine derivative pass into the ethereal layer. 
The potassium salt of the primary-amine derivative is left behind in the 
aqueous layer. 

( iv) The aqueous layer is strongly acidified, when monalkyl benzene 
sulphonic amide is precipited. 

C 6 H,S0 2 NKR 4 HC1 -» C 6 H 6 S0 2 NHR ■+■ KC1, 
which, after being separated, is hydrolysed by boiling with concentrated 
hydrochloric acid :— 

C 0 H 6 S0 2 NHR 4 H.OH 4- HC1 -» C 6 H,.S0 2 0H 4- RNH 2 .CH1 

The resulting solution, containing the hydrochloride of the primary am¬ 
ine, is distilled with sodium hydroxide to recover the primary amine:— 

RNH 2 HC1 4 NaOH RNH 2 4 NaCl 4- H.O 

(v) The ethereal layer is subjected to fractional distillation, in order 
to separate the tertiary amine and the derivative of the secondary amine. 
The latter is then hydrolyed by boiling with concentrated hydrochloric 

&cid 

C.,H.SOoNR 2 -f H.OH 4 HC1 C 0 H 6 S0 2 OH + R..NH.HC1, 
and the product distilled with sodium hydroxide to recover the secondary 


amine: 


RoNH.HC'l 4- NaOH R 2 NH 4 NaCl 4 H 2 0 


Properties The secondary and tertiary amines resemble primary 
amin^inS colourless gasi or volatile liquid, having . 
ammonia cal and fishy odour. They are sponger bases than pn™«y 
amines, and dissolve in water to give strongly alkaline 
form salts with acids, precipitate the heavy meta! hydroxides from 
aqueous solutions of their salts, and form crystalline platiniohlondea. 

* This reacts like other acid chlorides (compare p. 211). . 


* • 
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The three classes of amines differ^rom each other in certain 

important points which are iscu Secondary and Tertiary 

6 Distinction between Pr.mary, Secondary 

called nitrosamines : 

RjNiH+HO NO -> RoN.NO +H 2 0 

Secondary Nitrous nitrosamine 

amine acid ... 

b »r "^iatl test for the 

-ern* :l si 

a concentrated solution of sodium mt • ^ water to completely free it from 

aYid an Evr P orate h o "f the ethe?. and apply Libermjnn’s reaction. 
Tertiary amines do not react with nitrous acid primary 

(21 Action of Acid Chlorides. As already stated (p. ill), 
amines react with acid chlorides, yielding monoalkyl derwatives _ of 
amides. Secondary amines react similarly, yielding dialkyl dor 

tives of amides ; e.g.. 


CH 3 C0C1+HN(CH 3 )o 

Dimethylamine 


CH 3 CON(CH 3 ) 2 

Dimethylacetamide 


Acetyl 
chloride 

Tertiary amines, since they contain no hydrogen atom linked 
directly to nitrogen, do not react with acid chlorides 

Benzene sulphonic chloride; C 6 H 5 S0 2 C1, as already stated (/>. 212), 
has been emloyed by Hinsberg for the separation of the three 

clases of amines from one another. 

C.\) Carbylamine Reaction. This is given only by primary amines- 
(p. 210), and may, therefore, be utilized for distinguishing primary 
amines from the secondary and tertiary amines 

7. Ascent and Descent of Homologous Series. Formation of 
a primary amine may be employed for the ascent or descent of a 
homologous series In the former case, the additional carbon atom 
is introduced in the form of a—CN group, which may be reduced 
to the—CH 2 NH 2 group by Mcndius reaction. The resulting amino 
may then be converted into an alcohol by treatment with nitrous 
acid as in Example 1, given below. 

The descent of a homologous series is effeoted through Hofmann’s 
bromamide reaction as in Examples 2 and 3, given below. 

Examples :— 

(1) Conversion of Methyl Alcohol into Ethyl Alcohol :— 

P+'l KCN 

CHgOH -» CH S I -> CH 3 CN 

Methyl alcohol Methyl iodide Methyl cyanide 
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CH„.CH 2 OH 


Rduction Nitrous acid 

—> CN^.CHj.NHo —^ 

Etliylaminc Ethyl alcohol 

(2) Conversion of Ethyl Alcohol into Methyl Alcohol : — 

Oxidation Oxidation 

CoH,OH -> CH3.CHO CH3COOH 

Ethyl alcohol Acetaldehyde Acetic acid 

Heat the 

ammonium salt Br.»+KOH 

-> CH 3 CONH 2 -> 

Acetmide Methvlamine 

Nitrous acid 

CH3OH 
Methyl alcohol 

(3) Conversion of Acetic into Formic Acid :— 

Heat the 

ammonium salt Br2+KOH 

CH 3 COOH -> CH3CONH0 

Methylamine 


ph 3 nh 


ch 3 nh 2 


H.COOH 

Formic acid 


Acetic acid Acetamide 

Nitrous acid Oxidation 

-> ch 3 oh -> 

Methyl alcohol 

8. Quaternary Ammonium Compounds. Tertiary amines 
combine with alkyl iodides to form a class of compounds called 
quaternary anL-monium salts ; e.g., 

(CH 3 ) 3 N + CH 3 I -► [(CH 3 ) 4 N]I 

Trimethylamine Letrainethylammomum iodide 

(a quaternary amwiomuin salt) 

These salts, on treatment with silver hydroxide, give quaternary 
ammonium hydroxides, e.g., 

(CH 3 ) 4 NI + AgOH -> [(CH 3 ) 4 N]OH + Agl 

v 0 Tctramethyl ammonium 

hydroxide 

The latter compounds are very strong bases (nearly as strong as KOH). 
They are exceedingly soluble in water, and the solutions show a strongly 
alkaline reaction, owing to ionization : 

(CH 3 ) 4 NOH^(CH 3 ) 4 N+ + OH' 

The - str "ai‘ts re ^m 10 ^ 

extent i„ p 

ion, the nitrogen atom is tefracovalent, as shown heiow in th 

tetramethvlammonium iodide : 

I CH 3 x + 

CH 

" I 

ch 3 

group, -NO,. Thus, methane, CH., and ethane, g 

-nitro-methane and nitro-ethane respectively . 


V 

1 

I 


CH. |+_ 
.—N—C H, V I 
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AMINES AND NITROPARAFFINS 


ns 


CH 3 N0 2 

Nitro-methane 
(b.p. ioi°) 


c 2 h,no 2 

Nitro-ethane 
(b.p. 11 5 °) 


ill 


t'.e. the esters, of 
given the follow- 


//® 

R—N^ 

Nitro-paraffins 


; in alkyl 
the nitro- 


Nitro-paraffins are isomeric with alkyl nitri es, 
trous acid. The two classes of compounds are 
ing structural formulae. : 

N<f 

x OR 

Alkyl nitrites 

The nitrogen atom in nitro-paraffins is tetracovalent 
nitrites it is tiicovalent. One of the oxygen atoms in 
„roup is linked to the nitrogen atom by an ordinary double bond 
and the other by a co-ordinate link (see page oo). 

Nitro-paraffins are divided into three classes, corresponding to 

three classes of alcohols ( p . 112) : 

Primary Nitro-paraffins, RCH 2 .N0 2 

Secondary Nitro-paraffins, R 2 CH.N0 2 

Tertiary Nitro-paraffins, R 3 C.N0 2 

Preparation. Nitro-paraffins are prepared 
iodides with silver nitrite :— 

CB 3 I + AgN0 2 —» 

Methyl iodide 

C 2 H 5 I + AgNO, 

Ethyl iodide Nitro-ethane 

Some alkyl nitrites are also produced in this reaction but 
be readily separated by fractional distillation 1 . 

Physical Properties. Nitro-paraffins are colourless liquids having a 
pleasant odour. They boil at much higher temperature than the isomeric 
nitrites (see foot note). The lower members are lightly soluble in 
water : the higher ones are practically insoluble. 

Reactions. (1) Reductions. When submitted to reduction (tin 
and hydrochloric acid), nitro-paraffins yield primary amines ; e.g. 


ch 3 .no 2 

Nitro-methane 

► c 2 h 5 .no 2 


by distilling alkyl 


-t-Agl 
+ Agl 


can 


CH,N0 2 + 6H 

Nitro methane 


CH 3 NH 2 + 2H a O 


Methylamine 

(2) Action of alkalies. Primary and secondary nitroparaffins 
(but not the tertiary) gradually dissolve in alkalies, yielding salts deri¬ 
ved from isonitro paraffins; t.e., the salt formation is preceded by a 
change of constitution :— 

O OH KOII .OK 

R.CH.N/' R.CH=N / RCH=N' 

^O ^O ^O 

Nitro-paraffin Isonitro-paraffin Potassium salt 

A substance, such as a nitro-paraffin, which though itself notan 
acid, oan, by a change of constitution, pass into another that can 
function as a true acid is termed a pseudo-acid. 

(3) Action of Nitrous Acid. Primary, secondary and tertiary 

iThe nitro-paraffins boil at much higher tempratures than the alkyl nitrites 
Thus while ethyl nitrite boils at i6°, nitro-ethane boils at 115 
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nitro-paraffins behave differently towards nitrous acid. This fact 
forms the basis of Victor Meyer’s method for distinguishing the 
three classes of alcohols from one another. (Refer to p. 116) 

10. Distinction between Nitro-paraffins and alkyl Nitrates 

(1) Boiling Points. As already mentioned, nitro-paraffins boil 
^t much higher temperatures than alkyl nirites 

(2) Reduction. Upon reduction with tin and hydrochloric acid 
nitroparaffins yield the corresponding primary amines [see above) whilst 
alkyl nitrites* under the same conditions, undergo hydro¬ 
lysis, followed by reduction of the resulting nitrous acid to 
ammonia or hydroxylamine : e.g., 

C,H,NO, + H.OH -* C 2 H,OH + HN0 2 

HNOo + GH-* NH, + 2H„0__ 

C 2 H 5 N0 2 +.6H -» C 2 H,0H 4- NH 3 + H 2 0 

(3) Action of Alkalies. Alkyl nitrites, like other esters, are readily 

hydrolysed by alkalies, yielding an alkali nitrite and the corresponding 

alcohol, e.g., c NQ + Na0H C 2 H 5 OH + NaN0 2 . 

Nitro-paraffins are not decomposed by alkalies, but as already men¬ 
tioned thev may form soluble metallic salts. 

U) Action of Sitroui Adi. Primary and secondary rntro-paraffins 
■act with nitrous acid, yielding nitrolic acid and pseudo-m'rols respec l- 
■ly (see p 116). Alkyl nitrites do not react with nitrous acid. 


Teact 
•vc 


QUESTIONS 


..... -..nines ? Give the various classes of amines and their general methods 
■of preparation. How may a primary amin* be o^med in a -Uph- 

La M the 

uished from one another • separation of a mixture of primary, secondary 

3 . How would you effect the separation o {Punjab. lifer.. 1932 ) 

and tertiary amines ? properties of methylamine with those of acetamide. 

lamine in aqueous solution d > Des cribe reaction to show its dlffcr *" 5 ®* 

How can ethylamine be preparea. v amine be separated 

■from ethylamine and tricthylamine. How can a primary amine^ 

s =7 a .-S 5 * 

" i'nttlcctlc S' “T A«^e into 

' . "How would yon obtain . • _ . 

9 ‘ (a) Acetamide from acetic “ cld ’. 

) h l Methylamine from acetamide . 

(3 Methyl alcohol from methylamrne . ^ p „„ j , Jgg 

from ’"troparaffin^ primary amine ^tains^ 53 ^'^aUnJchtrid. 

oi° 8 p n iaUn«m ‘on t-"- Cakmlat. the molecular W o) 

(Pt— 195 ) 


CHAPTER 18 


SUBSTITUTED MONOCARBOXYLIC ACIDS 


| The compounds discussed in this chapter are derived from 
fatty acids by substitution in the hydrocarbon radical. Some simple 
•examples of such substituted monocarboxylic acids are :— 

Chloroacetic acid, CH 2 Cl.COOH» 

Amino-acetic acid (glycine), CH 2 (NH 2 ).COOH. 

Hydroxy-acetic acid (glycollic-acid), CH a (OH) COOH- 
In naming the derivatives of propionic and higher acids the position 
of the substituent with respect to the carboxyl group is indicated 
by Greek letters. Thus, propionic acid, CH 3 .CH 2 COOH, gives rise to 
two monohydroxy acids :— 

CH 3 .CH(OH).COOH CH 2 (OH).CH 2 COOH 

a-Hydroxy-propionic acid fc-Hydroxy-propionic acid 

(Lactic acid) (Hydracrylic acid) 

The reactions of substituted carboxylic acids may be classified 
under three different headings; ( 1 ) the reactions of the carboxyl 
group (p. 109), (2) the reactions of the substituent group, and (.‘1) 
decompositions involving one or both of these groups. 

2. Chloroacetic Acid, CHoCl.COOH, Monochloro-acctic Acid. 
This acid is prepared commercially by the action of chlorine on acetic 
acid in the presence of a catalyst (a little red phosphorus or acetyl 
chloride) :— 

CH 3 .COOH + CI 2 CHoCl.COOH+ HC1 

Physical Properties. Chloroacetic acid crystallizes in needless 
<m.p. 63°, b.p. 186°). and has a strong corrosive action on the skin. 
It is freely soluble in water, and the solution possesses a strong 
acid reaction. It is a far stronger (about 86 times) than acetic acid. 

Reactions Chloro-acetic acid possesses the dual character of a 
carboxylic acid and an alkyl halide. Like the former, it reacts with 
alkalies and alcohols, yielding salts and esters ; e.g., 

CH 2 Cl.COOH+NaOH -> CH 2 Cl.COONa +H a O 

Sodium cbloroacetate 

CH 2 Cl.COOH+C 2 H 5 OHr^CH 2 Cl.COOC 2 H 5 -hH 2 0 

Ethyl chloroacetate 

ehlorlde reaCtS With pho8phorus pentachloride, yielding chloroacetyl 


CH 2 C1.C00H -f PCI 5 CH„C1.C0C1 -f P0C1 3 + HCl. 

Chloroacetyl chloride 

tiona -rS-l 8 fi kyl u h ;lid‘ s ( Sec - 79 ) in gi™g the following reac- 
X hal °g en a,om ii replaced by substituents 

/'V th , water or an a q ut, °us alkali, it gives 
hydroxyacetic acid (glvcollic acid) :— S 

CH 2 Cl.C00H-f H.OH CH 2 (0H).C00H-f HCl 

G~lycollic acid 

notasL™ ^ *?!f p ?J assi , u , m . of the acid is boiled with alcoholic 
g roU p._ yamde, the chlorine atom gets replaced by the —CN 


17b 


SYSTEMATIC ORGANIC CHEMISTRY 


[CnaiT 


+KCI 


CH 2 Cl.COOK-f KCN-> CH.,(CN)COOK 

Potassium cyanoacetate 

(3) By the action of alcoholic ammonia the halogen atom is 
replaced by the amino group : 

CH..C1COOK4-2NHJ CH„(NH 2 )C00K +NH 4 C1 ■ 

Potassium aminoacetate 

( 4 ) By heating the potassium salt with silver nitrite, the halo¬ 
gen atom is replaced by the niiro-group : — 

CH.,Cl.C00K+AgN0 2 CH 2 (N0 2 )C00K +AgCl 

Potassium nitroacetate 

Use Chloro-acetic acid is employed in organic synthesis. 

3 Hydroxy Monocarboxylic Acids. These are derived from 
fatty acid by the replacement of a hydrogen atom of the alkyl 

group by a hydroxyl group In naming these compounds the posi¬ 
tion of the carboxyl group is indicated by a ^ re ek ^letter . 
CH.,(OH).COOH. Hydroxyacetic acid, are glycollic acid. 
CH;CH(OH).COOH a-Hydroxypropionic, or lactic acid. 
CH„(OH).CH 2 .COOH / 3 -Hydroxy propionic acid or hjdiacr>lie ac . 

Methods’of Formation. The hydroxy acid can be 
by introducing into the molecule of a substance (1) the OH group, 
( 2) COOH group, or (3) both the groups at the same time, 
ill Bu the introduction of OH Group. 

\i) A fatty acid mav be converted first into a chloro-substitute 
acid and the latter is then boilled with water or aqueous alkali 

CH 2 (OH).COOH 
Hydroxyacetic acid 


CH 3 COOH 
Acetic acid 


Chlorination 
-- 


H.OH 


CH,C1 COOH — 


icitl Chloro-acetic acid 

(ii) Starting with an amino acid, wc can prepare a hydroxy ao,d 


by treatment with nitrous acid . 

C H 2 (N H 2 ). COO H + HN0 2 

Aminoacctic acid 


CH.,OH.COOH-|-N 2 {-H 2 0 

Hydroxyacetic acid 


Ammoaceiic acm y Iip 

CH 2 OH.CH,OK + 2<> -> OH,OH£OOH+H,0 

By the IntroZtion of hath -OH W-COOH 

a£*&susss -v 

+HCN rHfOH irN H -» CH,CH.OH).COOH 
CHo CHO CH 3 .OH(C»hl)t 3 , act ic acid 

Acetaldehyde Acetaldehyde cyanodydrm aoid< arC colour- 

Physical Properties. The hydroxy mo i so luble in 

less, crystalline solids, or syrupy b / isii \\ e d without decom- 

water. Even the lower member. are stronger acids 

vs*. sr-st*’ —; - •• 

srsn SiSr&rzsrz*- »•>■ - — —• 


alcohol 
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th.ee * , t j ie — Group and Behaviour on Oxidation : 

(0 With acetyl chloride, they give monoacetyl derivatives, e g.> 

CH = ( 0 H ^SPu?atd H3C00C1 ■* CH!l 0 *SS Hf ' 1 

(if) On being heated with hydriodio acid, they ore reduced to 
the corresponding fatty acids ; e.g. t 

CH 2 (OH) COOH +3C1 -* CH 3 .COOH 4- H 2 + Clj. 

Glycollic acid Ace.ic acid 

(Hi) Hvdroxy acid* containing a—CH 2 OH group, on careful oxi¬ 
dation, give an aldedydie acid, and, on further oxydation, a dibasic 

aCld CH 2 OH CHO COOH ! 

I -* I I 

COOH COOH COOH 

Glycollie acid Glyoxalic acid Oxalic acid ' 

The acids containing a > CHOH group, on the other hand, yield 
ketonic acids (compare secondary alcohols) : 

CH 3 .CH(OH) COOH 4 - O CHCO.COOH -f H t O 

I.actic acid Pyruvic acid 

(2) Reactions of the Carboxyl Group. The hydroxy acids possess tin* 
usual character of a corboxylic acid. Thus, with alkalies and alcohols 
they form salts and esters respectively : 

CH 2 (OH) COOH + NaOHe=£CH 2 iOH).COONa 4- H a O 

Glycollic acid Sodium glycol late 

CH 2 (OH).COOH 4- C 2 H,OH^CH.,(OH,.COOO.,H, 4 - HoO J 

Glycollic acid Ethyl glycollate 

(3) Reactions involving both the Hydroxyl and the Carboxyl Group. 

This may take place in two ways : l 

(*) The two groups react independently . Thus, with phosphorus 
pentachloride we get a chloro acid chloride and with metallic sodium 
a disoaio derivative : 

CH 2 (OH).COOH 4- 2PC1 S -h> CH 2 C1 CO.Cl 4- 2POCl 3 4- 2^01 

, Chloroacctyl chloride 

CH 2 (OH).COOH 4- 2Na CH 2 (ONa)COONa 4 - H 2 . . .. . 

Disodium glycollatc 

(«) They both react together , with elimination ci' water. This occurs 
on heating : •»•*••• • 


CH 2 .OH 


HOOC 


• — 2H0O 


CHo.O.CO 


COOH HO.CH., , ;1 CO. O.CH 2 

Glycollic acid (2 molecules) . Glycolide 

4. Glycollic Acid, CH 2 (OH)COOH Hydroxy iet : c Acid. This acid 
occurs in unripe grapes. It is usually prepared by boiling the potassium 
salt of chloroacetio acid with water, ■ ■ >:') { , 

CH 2 Cl.COOK 4 - H 2 0 CH„(0H).C30H 4- KC1,; 
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readily soluble in water, alcohol and acetone. Its chemical properties 
have already been discussed. 

5. Lactic acid, CH 3 .CH(OH).COOH a -Hydroxy Propionic Acid. 
This acid occurs in sour milk, being produced by the lactic fermtelntation 
of milk, sugar, induced by lactic bacilli : 

C u H n O u + H 2 0 -> 4C 3 H 0 O 3 . 

Preparation in Laboratory. The laboratory method for preparing 
lactic acid consists in fermenting a 15 per cent solution of glucose by 
means of sour milk or old cheese, which contain plenty of lactic bacilli. 
To avoid butyric fermentation, the temperature is maintained at 44° 
—55"C. Further, since the lactic bacilli are very sensitive towards free 
acid, the acidity of the solution must not be allowed to go higher than 
1 per cent by tlie gradual addition of calcium carbonate or zinc carbon¬ 
ate. The sparingly soluble calcium lactate or zinc lactate thus obtained 
is decomposed, the former with dilute sulphuric acid and the latter 
with hydrogen sulphile. The insoluble calcium sulphate or ziijC sulph- 
ide is filtered off, and the solution evaporated. Finally, the acid is puri¬ 


fied by distillation in vacuo. 

Manufacture. Lactic acid is manufactured by the fermentation of 
raw beet-juice by means of lactic bacilli. The acidity is kept down by 
means of lime. 'Calcium lactate is decomposed with sulphuric acid, 
and the liquid, after filtering off calcium sulphate, is evaporated to a 
svrup containing 50 per cent lactic acid, in which form the acid is put 
on the market. 

Properties When pure, lactic acid is a colourless, crystalline, 
highly deliquescent solid It is, however, ordinarily met with as a 

th < Lactic l acid shows the usual chemical behaviour of a hydr ®^ aCld 
In 177) When heated, it yields lactide, along with other products. 

CH3.CH.OH HOOC -2H 2 0 CH3CH.O.CO 

I + I _ sl/v.n r>tr i-lT 


COOH HO.CH.CH 3 ^acUd ^ 3 

Lactic Acid 

HenoeTtTady under reduced pressure that the acid can he distilled 

Wit ^= Si ^ m the reactions of .actio acid it foUows that the 

compound U a hydroxy acid. Since its fo c r ^H, C0&H. ^ 

it must be cither »-hy r °*> ’’q^‘.^h COOH The synthesis of the 

CH..CHO ““ C « 1 ffj < h ° y “ ! C 'N ydr0 -’ yS,S C H f 0011 

Acetaldehyde 

r^^;:=^tf^te sniphuric acid 

itii :< 

ccntrated sulphuric acid are added and then 2 or d or OI 


Cq-.OCH.CH 3 

l^actide 


hydroxy acids 


X * */ 
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:£tra2fe£,;er: 

fl ^idaiulig L woo.° t s 

absence of corrosive action. for removing lino from pelts. 

{!> the deficiency of 

calcmm^n^blood^ Amino acids are derived from the carb °^’ 1 ‘° 

h s: ^ 

by an amino ». / g a . q . an d 7- substituted acids according to the 

^ *»*«. «.b«* y . .roup:- 

P CR, (NHo) .COOH, Anuno-acetic acid. 

CH:CHiNH,).COOH. a-Ami no-propionic acid 
CHJNH 2 ).CH,.COOH, /3-Amino-propionicacid 

Amino-acids are of great physiological importance, since they 

titute the ultimate products ol hydrolysis of proteins * 

Methods of Preparation. (1) By the action of ammonia on ha 
logen substituted acids (compare preparatimi of amines) . 

CH,Cl COOH J- H.MH 2 -> CH 2 (NH 2 ).COOH -+• HC1. 

Chloroacetic acid Amino-acetic acid 

(2) When an aldehyde or a ketone is treated with hydrogen cyanide, 
and the resulting cyanohydrin is allowed to react with ammonia, we get 
an amino-nitrile This, 00 being hydrolysed, yields an a-amino acid . 

+ HCN „ NHa 

OH _ .NH 2 


CH 8 .CH0 

Acetaldehyde 




Y^rsc 


CH 3 CH<0j^ 

Acetaldehyde 

cyanohydrin 

H.OH 


CH 9 .CH< CN 

Nitrile of a-amino 
propionic acid 


CH„.CH<c®oh 


a-Aminopropionic acid 

Note. The conversion of an alcehyde or a ketone into the nitrile ol the 
a-amino acid can be effected in one step by using ammonium cyanide or. even 
more conveniently, by using the mixture of potassium cyanide and ammonium 
chloride in aqueous solution. . . 

(3) Amino-acids are largely prepared by the hydrolysis of proteins 

by means of mineral acids or barium hydroxide 

Physical Properties Amino acids are generally crystalline sub- 
stanc-s of sweet taste. They are readily soluble in water, but insoluble 
in alcohol and ether. 

Reactions. (1) Salt Formation with Acids and Alkalies. By virtue of 
the presence in the molecule of both the —NH, group and the —COOH 
group, an amino acid can reaot with acids as well as with alkalies : 

CH 2 (NH 2 ).COOH: + HC1 CH 2 (NH 2 HC1).C00H 

Amino-acetic acid Hydrochloride of omino-acetic acid 

CH 2 (NH 2 ) COOH + KOH -> CH 2 (NH 2 ).COOK. f H,0 

Amino-acetic acid Potassium salt of 

. amino-acetic acid 
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But, since the basic nature of the amino group is counter-balanced by 
the acidic nature of the carboxyl group, the amino acids are neutral 
towards litmus. 

(2) Esterification, Like other carboxylic acids, the acids of this 
group form esters with alcohols. To prepare an ester, hydrochloric 
acid gas is passed through a mixture of an amino-acid and an alcohol. 
The product consists of the hydrochloride of the ester, e. g., 
OH,, (NH 2 HCl).COOH 2 H.. Tnis is decomposed by means of an alkali to 
get the free ester. Unlike the acids themselves, the est«-r can le dis¬ 
tilled without decomposition. This fact was employed by Fischer to 
effect the separation of a mixture of amino acids. 

(3) Amino acids, like other compounds containing the —NH 2 group 
react with nitrous acid to give a hydroxy acid and free nitrogen: 

CH 2 (NH 2 ).COOH 4 OiN.OH CH ? (OH).COOH 4 N 2 4 H a O. 

The reaction is employed for the estimation of amino acids. 

Constitution. According to the modern view, the moleculo of and 
amino acid does not contain the —NH 2 and the —COOH groups in the 
free state as in formula I originally given to these compounds. It is 
assumed that the hydrion of the carboxyl group migrates to the 
basic —NH 2 group, which thereby becomes the positive ion —NH 3 4 . At 
the same time, the carboxyl group is transformed into the negative ion 
—CO . These two ions form part of the seme molecule, and bind 
each other by an electrovalency, as show in formula II below : — 

CH..NH., CH 2 .NH 3 + 


COOH COO 

Formula I Formula II 

The latter formula is sometimes referred to as the betain formula for 
amino acids. Amino-acids arc thus regarded as intramolecular salts. 
The fact that amino-acids are readily soluble in water, slightly so in 
alcohol, and insoluble in ether is in agreement with their saline charac¬ 
ter (Formula 11). 

CH..NH, 

7. Amino acetic Acid, Glycine, 

COOH 

This is the simplest of the amino-acids, and occurs in the urine of 
the horse as hippuric acid bentoylgluc.ine, C fi H r ,.CO.NH.CH 2 .COOH, from 
which it may be liberated by hydrolysis with hydrochloric acid : 

C..H X’O.NH.CHo.COOH C ft H,.COOH 4 NH 2 ,CH 2 .COOH 

J Hippuric acid Hcnzoic acid Aimnoacctic a* ul 

Preparation. (1; From Chloroacetic Acid. The most convenient 
method for the preparation of aminoacetic acid in the laboratory J' »' 
interaction of monochloroacetic acid and ammonia 

CH,Cl.COOH 4 NH 3 -> CH 2 (NH 2 ).COOH 4 HU. 

Expt. I. Preparation oj Amino acetic acid. 

Ammonium hydroxide ($p. gr.o-HH), 300 e. c. 

Monochloroacetic acid, 25 grams. 

Place'ithe^auimonmra hydroxide in a bsaker. and slowly 
foacctic acid dissolved in water. Keep the ammonia well Jtransfer 
addition of chloroacctic acid. I«et the liquid stand for 24 . 
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it to a dish, and evaporate it down to a smiH bulk. If there is still any smell of 

ammonia, remove it by passing in steam ti un til some remains 

Add cupric carbonate to the hot liquid, a little at a time uui.i . 

midissolved P Filter the solution, and evaporate it to l . ,I/ ^ t t te an a wash with 

cool, and filter off the blue-coloured crystals of cupric ummoucctate. 

dUU Dissoi?e the crystals in hot water, ami pass in hydrogen sulphide until the 

blue colour of the solution has disappeared. Filter off "llowiti" the 

evaporate the solution of aminoacetic acid to a small bulk. On allowing 

solution to cool, the acid will crystallize out. , . • • i +;il 

(2) From Glue. Gluo is boiled with dilute sulphuric acid U\ 
completely hydrolvsed. From the resulting solution, amino-acctic acid 
is separated by means of the cupric derivative as in Expt. 1. 

Properties. Aminoacetic acid crystallizes from aqueous solution 

_ _ in colourless prisms (Fig. 1)- U possesses 

sweet taste, and melts at 232" 

For the react ions and the constitution 
^ of the acid refer pp. 179-180. The fact 

that the acid is readily soluble in water, 
slightly so in alcohol, and insoluble in 
ether classes it with salts. This agrees 
with Formula II given on p. 180. 

The most characteristic metallic salts 
of this acid is the cupric salt, 
(NH 2 .CH 2 .C0O) 2 Cu.H 2 O, which crys¬ 
tallizes in dark-blue needles. 

The ethyl ester, NH 2 .CH 2 .COOC 2 H.,, 
boils at 52° under a pressure of 10 mm. 
On being reduced in neutral solution by 
means of sodium amalgam, the ester 
yields amino-acetaldehyde. 


V 






Fig. i. Crystals of 
Amino-acetic acid. 


QUESTIONS 

1. Give the preparation and chief reactions of chloroacetic acid. To what 
use is this acid put ? 

2. How would you convert a fatty acid into the corresponding hydroxy acid 

and vice versa ? ( Punjab . Inter ., 1925) 

3. Discuss the general methods of preparation and the chief reactions of 
hydroxy monobasic acids. Give two examples of the acids of this group. 

4. Starting from the elements, describe a scheme for the synthesis of laede 

acid. How is it manufactured ? By what reactions would yon show its dual charac¬ 
ter and establish, its constitution ? ( Punjab , Inter., 1944) 

5. Discuss the chief methods, preparation and properties of aminoacids. 

( Punjab , Inter., T925) 

6. Describe the preparation and chief properties of amiuo-acetic acids and 
discuss its constitution. 
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I. Polyhydric alcohols are derived from paraffin hydro carbons by 
the replacement of two or more hydrogen atoms by hydrcxyl groups 
Except in rare cases, the members cf this series contain the hydroxyl 
groups linked to different carbon atoms the compounds containing more 
than one hydroxyl group linked to the same carbon atom, being, as 
a rule, unstable. 

Dihydric alcohols or glycols are usually named after the corres¬ 
ponding olefines. The Geneva names for dihydric alcohols are obtai¬ 
ned by adding the termination diol to the name of the corresponding 
paraffin hydrocarbon. Similarly, for the trihydric alcohols the ter¬ 
mination trial is employed. 

CHoOH . . 

2 Ethylene Glycol, | , Glycol or Ethane-diol. This is the 

CH 2 HO 

simplest of the dihydric alcohols. In its preparation and general chemi¬ 
cal behaviour, glycol resembles ethyl alcohol. 

Laboratory Preparation. Ethylene glycol is prepared by the hyd¬ 
rolysis of ethylene dibromide, C 2 H 4 Br 2 . This is boiled with a solution 
of potassium carbonate under a reflux condenser, until the oily drops 
(of ethylene dibromide) have completely disappeared :— 


CH 2 Br 


I 

CH.Br 


-f 2H.OH 


CH 2 OH 


4-2H Br 

CH 2 OH 

2HBr+K 2 C0 3 2KBr-j-H. J 0+C0., 

The resulting solution is slowly evaporated on a water-bath to 
remove most of the water. The semi-solid residue is extracted vvj 
alcoholic ether, which dissolves the glycol, leaving behind potassium 
bromide. The liquid is then filtered and fractionally distilled, in oruer 

to isolate glycol. 

Manufacture. Glycol is prepared on a large scale fromj^et 


nanuiaciure. uivtu 1 ^ -. : n to 

contained in the petroleum-cracking gas The gas is P a ® R0 
aqueous hypochlorous acid when ethylene chlorohydnn is prod 

CH., CH 2 OH 

II + HO.CI | 

CH- CH. 2 C1 

Ethylene Ethylene glycol 

The ethylene cblorohydrin is separated by s«eam distillation an 
then hydrolysed with sodium bicarbonate solution. 

CH..OH CH 2 OH 

• -+-H.OH I +HC1 

X 1TT P] CH 2 OH 

2 Ethlene glycol 

Properties Glycol is a colourless, syrupy liquid . .' 

lates and with phosphorus to give ethylene chloride. 
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CHoONa 


I 


I 


CH a OH 

Glycol 


CH,ONa 
Disodium glycolate 


CHoOH 


CH 2 OH 

Monosodium glycolntc 

CH 2 C1 

-f 2PC1 5 -> I + 2P0C1 3 -f 2HC1 

ch. 2 oh ch,c; 

Glycol Ktbylenc chloride 

(2) Esterification. Glycol reacts with acid to form two series of 
esters, normal esters and the alcohol-esters ; e g. 

CHoOH CHaCOOH CH 2 .0.C0CH 3 CHoO COCH 3 

CH-.OH ^ CH>OH 0H,0 ; C0CH, 

Glycol Glycol mono-acetate Glycol di-acetate 

When heated with hydrogen chloride on bromide, only one of the hydroxyl 
groups is replaced by halogen, resulting in the formation ot chloro and 

bromo-hydrins :— 

CH 2 OH ch 2 ci 

| +HC1 I +H 2 0 

ch 2 oh ch 2 oh 

Glycol Glycol clilorohydvin 

(or Ethylene chlorohydrin) 

(3) Oxidation. On being carefully oxidized with nitric acid, glycol 
gives the following products : 

CHO 

i 

COOH 

Glyoxalic acid 


CH 2 0H 

I 

CH 2 OH 

Glycol 


CHO 


COOH 


CHO 

Glyoxal 


COOH 

Oxalic acid 


T 

CH„OH 


iooH 

Glycollic acid 

Synthesis- and Constitution. Glycol can bo synthesized from 
ethylene through ethylene dibronrido ( p . 182). This synthesis proves 

its constitution, which is fully supported by the entire chemical behav¬ 
iour of glycol. 

Uses. Glycol is used as an anti-freeze compound for automobile 
and aeroplane radiators. It is also used as a substitute for glycerol 
in anti-freeze dynamite. 


CH 2 OH 

I 

3. Glycerol, CHOH, Glycerine , Propane-triol. This is the nv'st 

CH 2 0H 

important trihydrio alcohol. It occurs in nature in fats and oils, which 
are mixtures of glycerol with higher fatty acids and unsaturated acids. 
Glycerol is also present in small quantities in fermented sugar solution, 
and in minute traces in the blood. 
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Manufacture Glycerol is chit-fly obtained from fats and oils. Hy¬ 
drolysis of fats and oils is carried out on a large scale for two different 
purposes ; (l) for the manufacture of soap, and (2) for the manufacture 
of stearine. The spent lye and the sweet water , obtained as by-products 
in t hose industt icp, constitute the most important sources of commer¬ 
cial glycerol. Glycerol has also been obtained from sugar by ferment a- 
t ion. 

(1) From Spent Lye. The spent lye from the soap kettle is run into 
an iron tank to cool. Here most of the dissolved soap and heavy imp¬ 
urities separate out The clear liquid is then run into a “treating tank” 
(Fig. 1), provided with an open steam coil for heating. Three-fourths 
of the free alkali present in the lye is neutralized by means of hydroch¬ 
loric acid, and then a calculated amount of basic ferric sulphate (got by 
treating finely powdered iron ore with an insufficient quantity of H 2 S0 4 ) 
is added. This destroys the remaining alkali, 

6 NaOH d- Fe 2 (S0 4 ) 3 2Fe(OH) s + 3Na 2 S0 4 , 
and precipitates the fatty acids present as insoluble iron soaps. 



TREATING TANK PUMP 


l-*ig. I. Plant for Recovery of Glycerol from Spent Lye. 

The gelatinous precipitate, consisting of hydrous ferric oxide and 
iron soaps, carries clown with it the albuminous matter that the lye may 
contain. 


The lye is then forced, by means of a pump, through i» filter press, 
which retains the precipitate, while the clear liquid is run into a storage 
tank. From here the liquid is pumped into a steam heated vacuum pan, 
consisting of a sheet-iron boiler, heated internally by closed steam pipes, 
and connected to a vacuum pump. The latter serves to maintain a low 
pressure inside the evaporator. Under the reduced pressure, the water 
repidly boils off', while glycerol remains. During the concentration, 
the salts crystallize out and settle down at the bottom of the pans, 
v hence they are periodically removed. 

The crude glycerol obtained as above, still contains about ZU pei 
cent of water and certain impurities. It is decolorized by filtration 
through animal charcoal, and then purified by distillation with supe * 
heated steam. The aqueous solution thus obtained is conC3 " tr ® t ^ 
in steam-heated vacuum pans, when perfectly colourless glycerol 


obtained. ... . 

(2' From Sweet Water. The sweet water, obtained in the h ^ r ° f A 8 fc ^ 
of fats and oils by means of superheated steam, contains volatile y 



185 


o POLYHYDRIC ALCOHOLS 

w6C. O.j . , 

acids in addition to glycerol and ' vater _ Ifc ’ ^o^ccmvert tie acids into 

calculated quantity of u 8odu *™ Is then concentrated in vacuum 

non-volatile sodium salts. * ^ . distilled in superheated steam. 

sux-ssr- tsSsrr 

sulphite, Na 2 S0 3 , be added to the l '»“ ^cerol The yield 

based an important process for the ! m *£ ufact ^ / *. nt of the sugar 

of glycerol by this method is from lo to per 

employed. .. . f _i ;o i. 

wh !X™ ^rr;: s a “ti 8 a so":.uinr^ when 

Perfectly free from impurhies, H toils "races 

of* salts , 0 H 'can‘ only to distilled, without decomporitton undw redm^d 
pressure, or in a current of s.cam. In common w.th other polthydric 
compounds, glycerol has a sweet taste. It is complete^ solul lc 
water at d alcohol, but no^ in ether. # 

Chemical Properties. The constitutional formula of glycerol is 
CH 2 OH.(CHOH.CH 2 OH. Its reactions may, therefore, be discusser 
under the following heads :— 

(1) Reactions of the Hydroxyl Group. Like other compounds containing 
hydroxyl group, glycerol readily reacts with metallic sodium and phos¬ 
phorus pentachloride. With the latter reagent, all the three hydroxyl 
groups, are replaced by chlorine, giving glycerol trichloride 

CH.C1 


CH 2 OH 

I 

CHOH 


+ 3PC1 5 


I 


CHC1 

I 

CH 2 C1 

Glyceryl trichloride 


+ 3POCl 3 4- 3HC1 


CH a OH 

Glycerol 

With metallic sodium, a monosodium derivative is produced at lower and 
a disodium derivative at higher, temepratures :— 


CH 2 0H 

CHOH 


N% 


CH 2 ONa 

l 

CHOH 


Na 


CH 2 ONa 

I 

CHOH 


ch 2 oh 

Glycerol 


CH 2 OH CH 2 ONa 

Monosodium glycerolate Disodium glyccrolatc 

The hydrogen atom of the third hydroxyl group is not replaced by 
sodium by any ordinary treatment. 

(2) Esterification. Glycerol, like ethyl alcohol, forms esteis with 
organic as well as inorganic acids. ■ Thus, fats and oils are the 
glycerides of fatty acids. The most important rster of glycerol 
with a mineral acid is glyceryl trinitrate, CjH 5 (N0 3 ) 3 , which is erroneo¬ 
usly called “nitroglycerine”, and finds extensive use as an explosive.' 
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It is prepared by the interaction of glycerol and nitric acid in the 
presence of sulphuric acid, the temperature being kept at 15° to 22°C :— 


CH..OH 


CH.,.NO ; 


CHOH + 3HN0 3 ^ CH.N0 3 + 3H 2 0 

I I 

CH.OH CH 2 .NO ? 

Glycerol Nitroglycerine 

(3) Reactions of — CH»OH and >CH(JH Groups. The glycerol 
molecule contains two primary and one secondary alcohol groups. 
Hence, on oxidation, it can form a large number of products, 
theoretically eleven. On careful oxidation with bromine or dilute 
nitric acid, it is converted into “glycerose”. which is a mixture 
consisting mainly of dihydroxyacetone, CH..OH.CO CH..OH. together 
with smaller quantities of glyceric aldehyde, CH„OH T'HOH CHO. 
Other important oxidation products of glycerol are : glyceric acid. 
CH.,OH.CHOH COOH : tartronic acid, COOH.CHOH.COOH and 
mesoxalic acid, COOH.CO.COOH. 

(4) Action of Dehydrating Agents. When glycerol is distilled with 
potassium hydrogen sulnhate, or when its vapour is passed over 
heated magnes : um sulphate, it loses 2 mol* cules of water, giving 
the unsaturated aldehyde acrolein. The reaction may be represented 
as taking place in two stages, the unsaturated alcohol first produced 
undergoing rearrangement as shown below : 

H 


H-C—OH 


CH 


CH 


—2H a O 


HOi— c H 


CH 


H-C-H 


CHOH 

Intermediate 

unstable 

compound 


CHO 

Acrolein 

(propenal) 


/a » * uuMauiv. \ IT * ./ 

, compound 

Glycerol 

Expt. I. Tests of Gh/ccrol. (i) Ilea a few drops of glycerol with potassium 
hydrogen sulphate or phosphorus pentoxide in a test-tube ; pungent irritating vapour 
of acrolein is evolved. 

( 2 ) Dunstan's test. To a 5 per cent solution of borax, rendered pink with phenol- 

usx ss? — 

provided glycerol has not been used in excess. 

Synthesis. Glycerol has been synthesized from acetic acid, which 
may bo built up from its elements in a number of ways, e.g., 

nir „ rt Combination with water 

combination in the presence of Hg° CHjC hO 

C+ Acetylene Acetaldehyde 

Oxidation 

-> CH3C00H 

Acetic acid 

Starting with acetic acid, Friedcl and Silva obtained glycerol through 
the following series of reactions : 



18T 


Sec. 3.] 


POLYHYDRIC ALCOHOLS 


.Distillation deduction 

of Ca-silt * cH 3 CHOH-CH3 

CH3COOH —> CH3.-C113 Isopropyl alcohol 

Acetic acid Acetone 

H - 4 ^ 

CH„C,CHC..CH,cr^H,OH,CHOH.OH,OH 

* - •• S-Tdchlompropanu . that gl; 


IC1 


> 1 II - oivcerot 

1:2: 3 -Tricbl oropropane that glycerol ifl 

Constitution. Prom the above synt supportC d by its 

1:2: 3-trihydroxypropane. This view 

rCa " (1) The chief use of glycerol is in the manufacture of 

nitroglycerine. nnu-drvin^ character, glycerol is used for 

(2) On account of its non ar y*"o . .. f or filling gas meters, 

making non-drying stamp^""nictes of food as require to bo kept mo.st 
and also ^^"^""g^^ used b the manufacture of to,let soaps. 

cosmetics and skin preparations. lycero l is used as a lubricant 

aatssuf. :»v,ais -.rSk'Ud, u. .i... 

QUESTIONS 

1. Describe the preparation chi^ P^perUes and uses of most. 

2. Give the preparation on a large^scaie. p 1 (P.f7. Inter., 1929 ) 

important trihydric alcohol which you know.^ evideuC e have we as to the- 

3. How may glycerol be synthesizea ( Punjab , Inter., 1928 ) 

structure of its molecule ? _ vn thrsis of glycerol from its elements. How 

4 . Give the chemistry of the syntn esis K Y oxalic acid , and (c ) con- 

does glycerol react with (a) concentrated nitric acia, Funjab) ]9/8) 

centrated sulphuric acid ? manufacture o< glycerine, and describe the action 

,4b« SSSS^^TSSSSJS. £ »*> 

0. HOW would you pntHosi^.y^ Pr0dUC ' 9 ^ 

formed when glycerol is (a) nitrated, ( ) } (Punjab Inter., 1948 )* 
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I. Acids of the Oxalic Series. There are many series of poly- 
!>asic acids derived from aliphatic hydrocarbons. The saturated di¬ 
basic acids have the general formula C„H 8fl (COOH) 2 . The first three 
members of this series are: 


Acid 

Formula 

Melting Point 

Oxalic acid. 

HOOC.COOH 

184° 

Malonic acid, 

H OOC. CH.,. COOH 

136° 

Succinic acid, 

HOOC.CH.;.CH.,.COOH 

183° 


The acids of this series can be synthesized bv methods similar to those 

V V 

used for the monobisic acids. They are all crystalline solids, readily 
soluble in water, and are stronger than the fatty acids. They show the 
usual properties of the carboxyl group, and like the inorganic dibasic 
acids, form two series of salts and esters: 

The action of heat on the various members of the series depends on 
the number of carbon atoms separatin'! the two carboxyl groups. When 
the two carboxyls are directly linked together, as in oxalic acid, or 
when they are separated by not more than one carbon atom, as in malonic 
acid and its alkyl derivatives, decomposition occurs with the production 
of carbon dioxide and a fatty acid ; e. g., 

HOOCiCOOH H.COOH + C0 2 

Oxalic acid Formic acid 


H OOC CH.^COOH CH 3 .COOH + CO., 

Malonic acid Acetic acid 

On the other hand, the members in which the two carboxyls are 
separated by two, three or four carbon atoms, lose a molecule of wa er 
yielding an inner anhydride ; e. g., 


CHo COO H 

I 

OH , . CO O H 

Succinic .acid 


CHo 

I 


.CO 


CH.. CO 

Succinic anhydride 


'yo + HoO 


COOH 

2 Oxalic Acid, Ethane Diacid, | . This acid occurs as 

COOH 

potassium hydrogen salt of the oxalin and rumex tainiles. 

Synthesis. Oxalic acid may be synthesized 
( 1 ) By the oxidation of ethyleneglycol, 


ch 2 oh 

| + 40 -> 

CH 2 0H 

Ethylene glycol 


COOH 

| 4- 2H s O 

COOH 

Oxalic acid 


the 
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(2) By allowing the solutgn of cyanogen in water to stand : 

CN COL) IN H i + 2NH 3 . 

, + 4H 2 0 -> ^ q0NH4 COOH 

Cyanogen rwifo* acid ^prepared in the labo- 

w inastja 

Cane-sugar 

Expt. 1- Preparation of Oxalic acid: 

Cane-sugar, 5 ° 8 m - 

Concentrated nitric acid, 150 c.c. _ . t , 

“eicrystals of oxalic acid. (COOH) 2 .zH 2 0 . The acid is obtained pure by crystal i- 
zation from hot water. 

Commercial Preparation. (1) From Sawdust. Oxalic acul is 
nrepared on a large scale by saw-dust with a fusion mixture ot caustic 
soda, and caustic potash, at the point of fusion (200-220°C.), in shallow 
iron pans. The fused mass, which contains sodium and potassium 
oxalates, is extracted with water. Milk of lime is added to the solution 
to precipitate oxalic acid as calcium oxalate. The latter u filtered, 
washed and then decomposed by means of a calculated amount ot 

sulphuric acid :— 




(COO)oCa 4 H 2 S0 4 CaS0 4 4 | 

COOH 

Calcium sulphate is filtered off. and the solution is evaporated to obtain 
crystals of oxalic aoid. 

(2) From Sodium Formate. When sodium formate (page 141) is 
heated rapidly, it loses hydrogen with the formation of sodium oxalate 

2 H.COONa -> (COONa)* 4 H 2 

The sodium salt is converted into the cr.lcium salt by double decom¬ 
position with calcium chloride. From the calcium salt the tree acid is 
obtained as in method ( 1 ). 

Physical Properties. Oxalic acid crystallizes with two molecules of 
water. The hydrated acid melts at 101° and the anhydrous acid at 190“. 
It is fairly soluble in water, the saturated solution at the ordinary 
temperature being about 2N. 


Reactions. The reactions of oxalic acid may be discussed under 
three different headings :—. 

(1) Acidic Character. Oxalic acid contains two carboxyl groups, and 
shows the typical properties of an acid. It forms two series of salts and 
esters ’,e.g., 

COOH HOONa 

■ * ~. , | 4NaOH -» | 4 H a O 

COOH COOH - , 

Acid sodium oxalate 
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COONa 

COONa 

1 

4 NaOH | 

COOH 

COONa 


Normal sodium oxalate 

COOH 

COOCoHs 

1 

4 C 2 H 5 OH | 

COOH 

COOH 


4- H 2 0 


4 h 2 o 


COOH 


Ethyl hydrogen 
oxalate 

cooh 2 h„ cooc«h 5 

I +C.H 5 0H^ I + HoO. 

COOH COOC-.H, 

Diethyl oxalate 

(2) Decompositions, (t) When heated alone, oxalic acid yields 
formic acid and carbon dioxide :— 

COOH \ 

| H.COOH 4 COa 

COO H 

(it) When heated with glycerol, it gives the same two products 
glycerol monoform ite being formed as an intermediate product (p. 174). 

(Hi) When heated with a dehydrating agent, such as concentrated 
sulphuric acid or acetie anhydride, it decomposes into carbon dioxide, 
carbon monoxide and water :— 

COOH 

• -> CO a 4 CO 4 H 2 0 

CoOH . . . .. 
The reaction is utilized in preparing carbon monoxide in the 

laboratory. . 

e(3) Oxidation. When treated with potassium permanganate in the 

iirsence of dliute sulphuric acid at about 60°,oxalic acid is readily oxidized. 

2KMnO i 4 3H»S0 4 -> 2K 2 SO, 4 2MnS0 4 +3H*0 4 50 
COO H 

| | + 0-»2C0 2 4HoO L x5J 

COO’H _ _ 

2KLMnO. + SiCTiOHjT+^dHiiSO. -* K„SO. + 2 MruSO. + 8 H ! O +10CO, 
The reaction is made use of in volumetric analysis ; the manganous 
sulphite, proiuod in the reaction, acts as an autocatalyst. 

Exot 2 . Test of Oxalic Acid and Ox dates. O) Heat the acid in a dry test 

tube. IJecotnposition with evolution of CO.CO, iXtoSJ C 

{characteristic odour), takes place, but there occurs no charring ( 

’“'‘US 0 *lieat ‘with*"*concentrated sulphuric acid. The substance dissolves, giving 
off CO and CO : ; but there occurs no c^“utou of the instance. 

acidified Sh SJiVhJriT.HrdSJortottocsubstaucc ; white 

'if d.Ue onia" On tarnriug the soiutiou. no reduction 

° tCU ( r o (d Adf efeiuTchYoride solution to a n'utral solution oi substance; white 
crystalline precipitate, insoluble in acetic acid. - 

(1) Uses oxalic acid (also its antimony salt) is used as a mordan 

^ tif n The n lcid i 3 0 employed B in the manufacture of inks and certain 
coal-tar dyes. 
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SM ' (3) xt is also used foe whitening ieaf.ee and foe ..caching and 
cleaning straw , inor u8es in the aets (see below). 

(4) Salts of oxaleeaced find many ^ ^ ^ oxa latcs are 

X 3 b,e?n waree^u e m^aiatMC y 0 9 Na, , can be readily obta.ned puee 

and is used as a standard in ^j“h 0 noemal salt, (•'•) the 

Theee aee theee oxalates of po_a > ■ 1 ' oom p 0un d foemed by the 

acid salt, and (in) ^“fTthefr^wid with a P molecule of theac.d 
combination of a moleculof ’*• X‘kHC,O..H.C.O..*H.O and » 
salt. It is represented by the‘ removing ink and eust 

employed undee the name of salt ol soeeei, 

Stai E« P t 3. stain a piece oi doth with ««*&«>*• 

ahot..W»l^ , o“ ot P»‘^” h ^^^tanice M »ty. until the ink is com- 
finally rinse wuli water. Repeat tne exp . , 

pletely removed H ; nso l u blo in water or acetic acid, 

and*is used for'Vhe ^tectior^and^estimation of calcium and soluble 

OIa Fer e rous oxalate, which can be obtained as a yellow powder by preeipi- 

SaSSrsssa #»*-* “ 

4 Derivatives of Oxalic Acid : 

C00CH 3 . , , , 

Dimethyl oxalate, | is obtained by passing dry hydrogen 

C00CH 3 , . . , - 

chloride into a hot solution of anhydrous oxalic acid in methyl alcohol. 

It is a crystalline solid (m.p. 61° ; b.p.162 ). 

cooo 2 h s . , ., 

Diethyl oxalate, | , is prepared in the same manner as the 

C00C 2 H 5 

methyl ester. It is a liquid boiling at 186°. 

C0C1 


Oxalyl chloride. 


is obtained by tjhe action of phosphorus 

COC1 . 

pentaohloride on anhydrous oxalic acid. It is a liquid boiling at 64 . 

5. Malonic Acid. CH,<^qq®‘ This acid occurs in beet root. 

It is prepared from ohloroacetic acid by the C 3 ’anide process: 

m KCN n\T H«n rv 


CH a < 


Cl 


OH ^ CN Hs ° CH < C00H 

a ^OOOH *“> Oil2< C00H • Urt -COOK 

Chloroacetic acid Cyanoacetic acid Malonic acid. 

M<lo< ic acid, like oxalic acid, is a colourless crystalline solid readily 
eoluble .in water.. When heated, it loses a .molecule of carbon 
dioxide, yielding acetio acid :— 
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i 


CH t < 


COOH 


CH 3 COOH+CO 


v. 112 ^POOH 

Th „ diethyl ester of malonic add, known as m don so ester is. 
, mH ;h used in organic synthesis. 

_ • • a 'a This acid occurs in ambir (Lat. 

6 . Succinic Acid | • 

... CH a .CO. • are d bv dry distillatirn. It 
rr’sy^^to-hy.ene bromide a' shown below 
CH.Br KCN OH.CN H.OH CH a .COOH 

CH.Br ”” CH.CN CH..COOH 

■nie'synthedfproves the^consdlUion of the acid 
Properties (1) Succinic acid is Y°J°H r a t S “; Cn ^pouc 

JtfTSSlXt is' V partiady‘ r converted hfto succinic anhy- 

dride; " OH. COOH ^ CH..CO q +H0 

CH COOH CHa-CO . 

U CC of C ihe y add is heated it gives 
(;{) When the a nmonium salt ot th 

the closed chain-compound succmimide. 

('H.COONH* ^ CH 2 C0 Xn h +N h 3 4-2H 2 0, 

<111 cooNHa C H 2 CO 

Am.ii.mium succinate ^i'nTTn' acidic character, hydrogen 

which is a solid snbstanc. li g . 

of th.- >NH group being leplaceame y 


CHa.COv 

, )NH + KOH 

C H.CO / 

Succiiiimidc 


(alcoholic) 


CH ‘ C °>K +H.0 

v no 

Potassium succinimitlc 


( H - - ’V .. Potassium succ.nm..« ftci d 

(4) Witruifaqucous solution of VOtassnim s ^ 

- tuhe ’ ,l y 

ir,i r in i ne P u°tral sola,ion ol a succinate yields with fern, elder,de 
“ 4,h«»n»^aea to a nmitml so^ion o, sucunatc, 

^"not undergo reduction 
(contrast tartaric acid). . „ ol1f>ra i methods of prepara- 

sis, &:-**-* 


8 Tartaric Acid 


CH(OH) COOH Dihydroxy .snccinic acid, 

•H (OH).COOH 
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Dihydroxy-bvlane-diacid. This acid occurs injhe form of its potas- 

Sf* ctus» 


CH,OH)COOK r CH(OH)COO I ^ CH(OH)COOK 

2 CH(OH)COOH + l CH(OH)COO ] CH(OH)COOK 

PoSE’SES.t. Calcium tartrate Potass.um 

sol^^on,^which a pre*cipHaAes^Hw" re^akrtttg^ fcuiH^o/the^aeid^ as^caicium^artrotc*: 


r CH(OH)COO *1 

II ! Ca 

(_ CH(OH)COO J 
Calcium tartrate 


CH (OH) COOK 
2 I +CaCl 2 

CH(OH)COOK 


CH(OH)COO~j 
CH(OH)COO J 

alcium tartrate 


Ca + 2KC1 


The calcium tartrate from both the operations is washed with water.)then 

decomposed with a calculated quantity of dilute sulphuric acid JJJJ l&vItJu 

calcium sulphate is filtered off. and the solution is evaporated to obtain cr>stals 

of tartaric acid. 

Physical Properties. Tartaric acid crystallizes in monoolinic anhy¬ 
drous prisms It melts with decomposition at 167° It is readily 
soluble in water, less so in alcohol, and insoluble in ether. 

Reactions. (1) Acidic Character. Tartaric acid is a dibasio acid, and, 
like oxalic acid, forms normal as well as acid salts and esters. 

(2) Reduction. When heated with hydrogen iodide, it gets reduced 
to malic acid and finally to succinic acid : 


CH(OH).COOH 
| +2HI-> 

CH(OH) COOH 

Tartaric acid 

CH.(OH)COOH 
I +2HI 

CHs.COOH 


CH(OH)COOH 

J -f-H s O-f-l 2 

CHjCOOH 

Malic acid (Monohydroxy 
succinic acid) 

ch 2 .cooh 

-> I 4-HoO-bl 2 

ch 2 .cooh 

Succinic acid 


(3) Reducing Action. Tartaric acid possesses reduoing properties and 
gives the silver mirror test ( see Expt. 5). 

(4) Power to Prevent Precipitation of the Hydroxides of Heavy 
Metals. Tartaric acid has the property of preventing the preoipitation 
of cupric hydroxide and other heavy-metal hydroxides. The Fohling’s 
solution, the reagent for aldehydes and sugars, is prepared by add¬ 
ing sodium hydroxide to a solution of copper sulphate oontaining 

Rochelle Salt (sodium potassium tartrate). 
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The intense bine colour of this solution 
is due to the complex anion, containing 
4—covalent copper, shown in the margin. 



Exp, 4. 7rr ^o, £££ “ 

a red precipitate of cuprous oxide is produced. 

Tests The more important tests of tartaric acid and its salts aie 

.« -.— 

«■*“#* Hell" .“utfnUE=” .cld^uh^ncentraSd su.pSric acid : rapid charring 
with evolution of CO.COe. SOs andl an odonr o^ burnt sug • fiom test (j , 
< 3 > Warm the ac.d m concentrated sulphuric acid : add 

ammonia.^drop , 'by ^JS, £ £& «"* - " dlSS ° 1VCd ' 

“* SttT- White crystalline precipitate 

oi calcium tartrate . Tartaric acid can be obtained synthe- 

s£:xts.::"si- ■«- **-*•■ 

CHBr.COOH ..OH Wffl.COOH 


ch 2 .cooh 

Succinic acid 


CHBr.COOH 

Dibromo-Succinic acid 


CH(OH).COOH 
Tartaric acid 


and beverages nf tftrtar is used on a 

(2) The acid pota^ium tart^tc^or cream of 

very large scale for making 1 neutra- 

‘(3) Rochelle salt or potassium sodium tar^ c& ( r g onate ig u8e d 
lizing potassium hydrogen tartrate w th d sulphate 

n the preparation of Fehllng s Mon. T »s canty pi tho deice- 

•™; 4 f,-r-£ Sb 0 . ; ..rr.s» — - 

(OH) CH(OH) COO(SbO), is use 

dyeing and calico-printing. 
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OHfCOOH 

C(OH).COOH, 2 hydroxy , 
CH 2 .COOH 


1, 2 , 3, trf- 


Mr6 Occ™. The acid occurs in the. free slate in the juice of 
lemons, limes, galgals, oranges, and certain other fru. . 

2C n H„0 7 + 3CaC03- > Ca 3 (CoH f> 0 7 ) 2 + 3H 2 0 + .{C0 2 

Citric acid Calcium citrate 

Ca 3 (CoH 6 0 7 ) 2 +3H 2 S0 4 -^3CaS04+2C 0 H«0 7 

(2) Another method for the large scale production of citric acid 
consists in fermenting beet-juice and other sugar solutions with the- 

aid of Ci'romyces pfejferianus and Citromyces glaber. ^ 

Synthesis^and Constitution. Citric acid may bo synthesized from. 

glycerol by the following series of reactions - 


CHoOH 

I 

CH(OH) 


Heat with HCI 
in glacial 
acetic acid 


ch 2 ci 

CH(OH) 


Oxidation with 
chromic 
acid 


ch 2 oh 

Glycerol 


HCN 


CH 2 C1 


CHoCl 

Glycerol 

3.dichlorohydrin 

Boil with 
dilute HCI 


C(OH)CN 


CH 2 C1 

I 

C(OH).COOH 


CHoCl 

I 

CO 

CH 2 Cl 

Symmetrical 

dichloroacetoue 


ch 2 ci 

Dichloroacetone 

cyanohydrin 

ch 2 cn 

KCN I 

C(OH).COOH 

I 


Boil with 
dilute HCI 


ch 2 ci 

Dichloro-acetonic 

acid 

ch 2 cooh 


C(OH).COOH 

CHoCOOH 

Citric acid 


CHoCN 

Dicyanoacetonic acid 

The above synthesis of citric acid shows its constitution, which is 
further supported by all the reactions of the acid. That it is a mono¬ 
hydroxy tricarboxylic acid is shown by Reactions 3 and 4 given below. 

Physical Properties. Citric acid is readily soluble in water and 
in alcohol but is only sparingly soluble in ether. From the aqueous 


x The name aceiottic acid is given to the hydroxy acid obtained from acetone 
through the cyanohydrin reaction. 
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solution, the acid crystallizes in large rhombic prisms, which contain 1 
molecule of water, and melt at 100°C. The water of crystallization 
is not lost until the temperature b as gone up to 130*. The anhydrous 
acid melts at 153°. | 

Reactions. (1) Citric acid, being tribasic, forms three series of 
salts, as for instance, the three potassium salts, all of which are 


CH,COOK 


C(OH)COOH 


CH 2 COOK 

^(OH)COOH 


CHoCOOK 


(j 


d: 


(OH) cook 

I 

chxook 


HoCOOH CH 2 COOK 

Mono-potassium citrate Di-potassium citrate Tri-potassium citrate 
freely soluble in water. Similarly with ethyl alcohol, citric acid forms 
mono-, di-, and tri-ethyl citrates. 

(2) The normal ethyl ester, when treated with acetyl chloride, gives 
a monacetyl derivative, thus showing that the molecule of citric acid 
contains one hydroxyl group : 

CH 2 COOC 2 H, CH 2 COOC 2 H 5 

1 CH3COCI j 

C(OH)COOC 2 H, -> C(O.CO.CH 3 )COOC 2 H 5 


CH 2 COOC 2 H 6 CH 2 COOC 2 H 6 

Triethyl citrate Triethyl afceto-citrate 

(3) Like other hydroxy acids, citric acid is reduoed by hydrogen 
iodide, the hydroxyl group being replaced by hydrogen : 

CH,.COOH CH 2 .COOH 


C(OH).COOH -1-2HI 


CH.COOH -f-H 2 0-f I. 

I 


CH 2 .COOH 


CHo.COOH 

Tricarballylic acid 

(4) Like tartaric acid, citric acid has the power of preventing 
precipitation of the hydroxides of certain heavy metals. 

(5) Dehydration. When heated at 175°, citric acid loses a molecule 
of water and is converted into an unsaturated acid, called aconitic acid : 

CH.COOH 


CHXOOH 


C(OH)COOH 


CCOOH 


-h 2 0 


CHoCOOH CH 2 COOH 

Citric acid Aconitic acid 

(6) When carefully warmed with sulphuric acid, a molecule eac 
Of witer and earbon monoxide is eliminated with the product, on of 

acetone dicarboxvlic aoid : nnrxv 

CH 2 COOH CH,COOH 


C(OH)COOH 

I 

CH..COOH 


CO 


+C0+H..0 


CH 2 COOH 

Acetone dicarboxylic acid , 

Tf the heating be continued, the decomposition of the 
proceeds further with evolution of carbon dioxide an g 
charring (contrast tartaric acid). 
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Tests. The more important tests of citric acid and its salts are 

described below : . , . t citric acid melts 

Expt. 6. Tests oj Citric Stating fames are evolved, and a gradual 

without Charring. On continued beating, irritati g 

charring occurs (contrast tartaric ac * )• cd w ith concentrated sulphuric acid » 

(2) When citric acid or a citrate is flame at the mouth of the tube. 

CO is evolved, which, if lighted “I n * ‘ and the flame goes out. 


gradual charring of the mass occurs, accompanied .. 

char almost immediately.) neutral solution of a citrate, produces no 

ass-ssass . wh ite 

pi ec^.r s XX sssiSta 

^“”^ 5 u*d t (dwSS , ion fUm tartrates* Continued boiling causes shght 
reduction. 


II Uses of: Citric Acid and Citrates. . 

(1) Citric acid is used as a mordant in dyeing 

(2) The acid is sometimes used in the propai ation id 

salines and beverages, for which purpose, however, tartaric a , 

bPin ( !, C Se ^L^”Li 8 ts essentially £ 
of sodium bicarbonate with citric and tartaric acids, together 

a little magnesium sulphate, is used in medicines as a laxative. 

(4) Ferric quinine citrate is used in medicine as a tonic. ,. 

(5) Sodium citrate is sometimes added to the milk given to babies. 
It prevents the curdling of milk, and renders it more digestible. 

(6) Ferric Ammonium citrate is employed in making bl 1 
papers. On one side of a tough, well-sized paper is. a PPj>od f by 
means of a camel-hair brush a solution containing ferric ammonium 
citrate and potassium ferrievanide. and the paper is dried. 

an ink drawing on a transparent paper is placed over the slie 
prepared as above, and the whole exposed to sunlight, the lignr. 
will reduce the ferric salts to the ferrous state, excepting where 
the ink lines protect it from the action of light. In© paper 
is now washed with water; the ferrous citrate, produced during ie 
exposure, reacts with potassium ferrioyanide, forming the blue-coloured 
ferrous ferricyanide, which, being insoluble remains fixed within the 
pores of the paper, while the soluble ferricyanide, is washed out. In this 
manner, a white pattern on a blue background is obtained. 

12. Identification of Oxalic, Tartaric, and Citric Acids. A 

scheme for the identification of these acids is given in the table on. 
page 198. 


Tests of oxalic, tartaric and citric acids: 
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. } what reactions occur between 

! How is oxalic acid prepaid °nalatges^^ ^ pho3pho rus pentachlo- 

oxalic acid and (<*) ethyl alcohol, (b) su p ( Punjab. Inter..1921 ) 

ridG 2. A dibasic acid containing only carbon, hydrogen of the vapour 

WhatiS thCaCid? {Ma * C ’ InUr ' I9l ° 

whttdffSnt ^es a LHx S alTc°£cid and {* ^ ow doeS it differ in physical 

and ^chemical pr^SS^roT acetic 

fa) heat, (6) concentrated sulphuric acid and (e) acd.hea p (Punjab> Inte r 1942) 
solution, upon oxalic acid. tartaric acid on a commercial scale. 

5 . Gi”e an account of the preparat.ono£ it distinguished from citric 

How is the presence of this acid detected (Punjab. Inter.. 1930) 

arid ? . _f and ritric acids ? Give an account 


r is XQtr -- \r ll i ' 

aCld 6. What are the natural f£U*oes of ^* rte a JJ d 
of their preparation on a commer ‘ ( Punjab , Inter ., 1933 ) 

merC 7 e : indicate a scheme for the preparation of citric acid the^elements -bon 

and hydrogen ^ q{ oxalic _ tarta ric. and citric acids showing 

cleraly how*the three acids may be distinguished from one auot^^ inter.. 1931) 

9 . Give the preparation and chemical properties of citric ^cid.^^ ^ j 94 i) 



CHAPTER 21 

OPTICAL ACTIVITY AND STEREOISOMERISM 


I. Polarization of Light. To understand the phenomenon known 
as ‘•Polarization”, we may take the following illustration : Suppose 
we have a tightly stretched string knotted near the middle. The knot 
is free to move in any direction at right angles to the string. Hence, if 
we pluck the string the knot will be found, in all probability, to describe 
a seiies of figures varying between a circle and a straight line. Every 
point on the string will, of course, be vibrating in a similar manner. 
Now, suppose that we take a card in which a slit has been cut, slip 
it on to the string near the knot, and pluck the string once again. This 
time, the knot will be found to vibrate only in one direction; namely the 
direction of the slit. Suppose that we now take another piece of card 
with a slit cut in it, ai d slip it on to the string near the first card. We 
shall then see that the knot can vibrate only when the two slits lie 
parallel to each other : if the slits lie at an angle, the string is gripped, 
and is not able to vil rate at all at that point. 

According to modern theory, a ray of light is propagated through 
space as vibrations in ether, which take place in all directions perpendi¬ 
cular to the line of propa¬ 
gation of the ray (Fig- 
1. A). If the ray be passed 
through a Nicol prism, cut in 
certain manner from a crystal 
of Iceland spar (see a text book 
of Physics), the vibrations get 
restricted and take place only 
in one direction We say that 
the light has been polarized. 

In Fig. 1 A, a beam, L, of or- ... i ,i ip 

dinary light, is shown to he passing in a direction P er pendic U ^ r to he 
plane of the paper, the vibrations .n ether takmg place tr.all the 
directions an, bb. cc. etc. Fig. 1. B shows a beam i, 

licht. in which the vibrations take place only m one direction, eu. ao. 

A" nlane drawn through the direction ol the polarized raj, and 
perpendicular to the direction in which the ether vibrations occur 
l called the plane of polarization. In Fig. IB the plane of polanzat 

CUt If’ h t e hfp n oIa 0 ri Z rf C :;Tbe a pa n ^ e 't— a second Nicol prism, 
placed with its plane of polanz^tion paralle^ to that of he G 

ray will pass through it as it did through the^ h ; vin cont ,inu¬ 
tile second prism, the quantity of the ig 1 P . tat ed through an 

ously diminish, until, when the prism has been rotatedJ ^ 

angle of W the light has been entirely cut off^ of 00 o b y a 

position of maximum brightness , is fol . . qq 0 . y a secon d position 

position of darkness, at an interval of 180 b> a seco I ^ 

of maximum brightness, and at an wtervol of 2? 0 Uriza- 

of maximum darkness. The first N.eol pi » trough 

tion of light, is called the polarizer while he jeewm 

which the polarized light is examined, is ca 




A (ordinary light) li (polarized light). 

Fig. i. 
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2. optica. Activity. If''pTacfb^t 

in the position of maximum daikncs., U of view "ill be found to 

containing a solution of cane-sugar, the fi ^ * , f po i ar ization 

; m o»ce.ga«» * 

plane o'? £££!£ W^ —gar 
^'cTne-sugat and other substances that have the 

£ ^e^a^^of^ane^u^r^h^^^^seiMsItu be,^x l in«im"dariknc^ 

r{; if on the other hand, it is 

to be turned towards the left (nnti-dockwue) tin* ,ub>tanee can 

Ievo^otatory r if ^ete r ^ ^langement^ 

arranged i^the posTtio°n oVma^mlim darkness, can be turned through 
a small angle in either direction without allowing an> g»*t to ^ 
th.ough. Various types of polarimeters have been des.gned to ovei^ 

come this difficulty. One of those in common use is the L 
shadow polarirneter shown in Fig. 2. 

The arrangement of the optical parts oi this instrument is shown in 
Fig. 3. Monochromatic light from a sodium lamp. <S is P a '^ d 
a cell, C, containing 6 per cent potassium dichromate solution, "hich 
serves to absorb the blue or violet rays. Next it passes thiough < 



Fig. 2. Laurent’s Half-Shadow Polarimeter 


collimating lens, L, which serves to render the rays parallel, and then 
through the polarizer, P. The polarized light passes through the halt 
shade, H (see below), and through the liquid under examination contain¬ 
ed in the observation tube, T. After traversing the liquid, the polari- 
zed Hght passes through the analyser A, and. finally emerges from the 
instrument through the eyepiece of the telescope T'. The analyser may be 
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rotated through any desired angle, and the amount of rotation measured 
on a graduated scale. 

S C L PH A _ ll_ 

l'ig. 3. Optical Parts of the Half-shadow Polarimeter. 

The half shade, H, serves to determine exactly the point of maxi¬ 
mum darkness. It consists of a combination of semicircular plates 
of glass and quartz. Over a certain range of the scale the right-hand 
half of the field i* darker than the left, beyond this range the feft-hand 
half gets darker than the right-hand half. The intermediate position, 
where the illumination is uniform on both sides of the field, is taken as 
the zero point. 

Expt. I. Prepare a 50 p e r cent solution of pure cane-sugar. (If the solution 
is not quite clear, it may be clarified by adding a little basic lead acetate solution 
and filtering through a fluted filter.) Carefully clean an observation tube and the two 
circular glass discs used to cover the two ends of the tube. Fix up the polarimeter 
in a dark room, and using an observation-tube filled with distilled water, determine 
the zero point of the polarimeter. Then replace the observation tube containing 
water with the one filled with sugar solution, determine the position of equal illumi¬ 
nation once again, and read the angle of reaction. 




LOUIS PASTEUR 


a famous French scientist to 
erism of tartaric acids. He 


•horn we 2 arc 95 indebted for his study of th ® 
s also the well-known discoverer of the treatment 

►r the bite of mad dog. 
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, Tartaric Acids. The ordinary tartaric acid 
4 Isomerism of Tartaric , polarimeter is found 

obtained from grape-juice, when ex^ ^ of polariza tion of light to 

to be optically active, a obtained in the purification of this acid 

the right. The mother liqu 1 ‘ id wh ich. since it possesses exact- 

contains another acid, called racemic must have the same 

lythe same e r°iCcver! racemic acid differs from tartar.c 

th.t the 

The famous French scientist Past . acid / whio h, like the 

crystals of the sodium ammon examined under the microscope, 

acid itself, is opticaUy tn'ic/ive), uhei - certain characteristic 

could be divided into two distinct sots, in in one particular 

facts (a and 6 , Fig. 4) were ^was related to that of the 

manner, while in the other w a o By a mechanical separation 

tire SK 

same extent Be 

set of crystals showing dextrorota- ^ a ^ ^ ^ 

tion gave, on treatment with k W- 

mineral acid, a tartaric acid identi- \-j-( 

cal with the natural acid in every 

respect, while the other set gave a 

hitherto unknown acid, which in _ 1 

aqueous solution showed levorotation. ^| 

This new acid was, therefore named b 

7-tartaric acid. On mixing concert- Fig 4 

trated solutions of equal amounts crystals of (A)Sodiutn Ammouium 
of the d- and the 7-tartaric acids, a ./.Tartrate, (B) Sodium Ammonium 
precipitate of optically inactive /-Tartrate. 

;;™*£tr,.*L on s ssr u ....w.® ^s 

xss&xzgsxd & - 

is also called dJ-tartaric acid. f , known 

In addition to the above three tartaric acids, a fourth one, known 

as raeso-tartaric acid, is also known This is obtained by heatin 

d-tartaric acid with water at 105°. Like the racemic acid the meso- 

tartaric is optically inactive, but, unlike the former, it cannot be resolved 

into optically aciive components. ,. 

Thus, there are as many *s four different forms of tartaric acid, al 
of which possess exactly the same chemical properties, but differ from 
one another in certain physical properties, as shown in the table given 

below : 


Acid. 


i. d-Tartaric acid 


Crystals. 


Monoclinic, anhydrous 
prisms, m.p. 1700 


Potassium- 

hydrogen 

salt. 

Sparingly 
soluble in 
water 


Action on 
plane-polarized 
Hgbt. 

Dextrorotatory 


2 , f-Tartaric add 


Do. 


Le vo-rotatory. 
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• 

Acid. 

Crystals. 

Potassium- 

hydrogen 

Salt. 

Action oh 
plane-polarized 
light. 

3 - Mesotartaric acid 

Rectangular, efflorescent 

Readily 

Inactive by 


plates, containing i H 2 0 

soluble in 

internal com¬ 


and melting at 143°. 

water 

pensation. 

4- Recemic acid, or 

Rhombic, efflorescent 

Do 

Inactive by 

///-Tartaric acid 

crystals * containing 

J H^O and meltiug at 
206°. 

1 

1 

external com¬ 
pensation. 




5. Le Bel and van’t Hoff’s Theor/. The isomerism of optically 

active substances, such as the four tartaric acids, is explained by a 
“space theory'’ developed independently and almost simultaneously, 
in 187 4, by Le Bel and van't Hoff. According to this theory, the four 
valencies of a carbon atom are directed towardi the four corners of a regular 
tetrahedron constructed around the carbon atom as centre. 

By reference to Fig. 5 it can be readily seen that if the four solid 
angles of the tetrahedron are occupied by the four different atoms or 
groups (a, b , c and d). tho resulting configuration is capable of existing 
in a right-handed form and a left-handed firm. The mirror-image 

relationship of the molecule is repeated 
in the optical and crystallographic 
properties of the substances. The 
stereochemical figures such as those 
given in Fig. 68 arc called space for¬ 
mulae. By reference to these it will be 
seen that the molecule of an optically 
active compound possesses no plane of 
symmetry. 

A carbon atom linked to four different atoms or groups is known 
as an asymmetric carbon atom. Of course, it is not the atom itself 
that is asymmetric, but the molecule that contains it. The stereoiso¬ 
merism exhibited by compounds containing one or more asymmetric 
carbon atoms is called optical isomerism, since it is associated with 
optical activity, and is to be distinguished from geometrical isomerism 

which is not associated with optical activity. , . 

Le Bel and van’t Hoff’s theory of stereoisomerism is supported D> 

the fol!owinS J^ tanceg capab]e of existing in optically active forms 

PbSS ( 2l S "eSic ^ r of the Molecule is des- 

troved (e q, irAhe case of lactic acid, CH 3 .CH(OH COOH. by reduction 
loTropionic Tcid CH,CH,COOH, the optica, “fv.ty »Uo d.sappears. 

31 The absence of isomeric forms of such substances as methyle 
hloride, CH/ h, which, if all the four carbon valences lay in the 
plane, should exist in two forms : 


I-'ig- 5 - 


ne 
same 


Cl 


Cl 


H—C-H 

I 

Cl 


and 


H-C-Cl 

i 

I 

H 
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In spite of much research no AchS: 

the tartaric acid mol« cule. In this ^a>, e g 

formula representing the rf-tartanc add, the /-tartaric acid, 
meso-tartaric acid as shown below : nn „ 

COOH COOH CUUM 


H—C—OH 


HO—C—H 


H—O—OH 


HO—C—H 


H-r—OH H—c—OH 

COOH COOH COOH 

rf-Tartaric arid /-Tartaric acid Mesotartanc acid 

In the first case, the two asymmetric carbon atoms have identical 
configuration 1 ; in the second case, the configurations of the two asym¬ 
metric carbon atoms are identical but opposite to those of the nist. 
Hence the effect of the two molecules on plane-polarized light will be 
equal and opposite. For instance, if the first molecule is dextro-rota- 
torv, the second will be levorotatory to the same extent. In the oase 
ofmesotartaric acid, the configuration of the two asymmetric carbon 



JACOBUS HENRICUS VAN’T HOFF (1852—1911) 

a Dutch physical chemist, who, in 1874, put forward the “Theorj* of 
Asymmetric Carbon Atom", which forms the basis of Stereochemistry. 

x This can be best shown by means of carbon models. 
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atoms are opposite to one another, so that if one of them is dextro¬ 
rotatory, the other will be levo-rotatory to the same extent. Hence 
the molecule as a whole will be optically inactive, due to what is termed 
internal compensation. The fourth isomer, i.e. racemic acid, when 
in aqueous solution, is a mixture of equal quantities of d-and ’/-acids. 
Hence, the dextro-effect of the d-molecuels is exactly counterbalanced 
by the levo-eflect of the 7-molecules, and the substance is inactive by 
external compensation. 


7. Optical Isomerism of Lactic Acids. In addition to the common 
lactic acid obtained from sour milk (Sec. 5, chap. 18), which is optically 
inactive, there exists a dextrorotatory lactic acid. This is present in meat 
juice, and is called sarcolactic acid (Gk. sarkos, flesh). 

The lactic acid molecule— 


H—C—OH 


COOH 

contains an asymmetric carbon atom,, viz., the one printed in bold type. 
The acid should, therefore, exist in three different forms, namely the 
(/-form, the 7-form and the racemic mixture of the two forms, which, 
consist ing as it does equal quantities of d and /-forms, should be 
optically inactive. Ordinary lactic acid, obtained by the lactic fer¬ 
mentation of sugars and by synthetic methods, is the optically 
inactive recemic mixture. By the fractional crystallization of the 
strychnine salt of this acid, it can be resolved into the d- and /- 
lactic acids. The following table summarizes the distinctive physical 
properties of the three acids :— 


Property 

j 

rf-Lactic acid 

_1_ 

/-Lactic acid 

rf/-Lacic acid 

i. Action on polarized 
light 

Dextro-rotatory 

Levo-rotatory. 

Inactive. 

2. Melting point. 

26° 

26° 

18° 

3. Zinc salt. 

Crystallizes with 2H0O. 
and is readily soluble 
in water. 

Similar to d- 
lactate 

1 

Crystallizes with 
3H k O and is 
sparingly soluble 
in water. 


QUESTIONS 

Explain the following terms ; <«) polariz'd light, (6) optical activity, (c) optical 
isomerism, ( d ) asymmetric carbon atom. 

" SlTSaf i^fac^TreTnownrwL't^^on have yon to believe tha, 
tlieall^possess* 1 the same structural formula ? How is the existence of .somensn, 

explained ? 



CHAPTER 22 

CARBOHYDRATES 


I Carbohydrates. The Carbohydrates constitute a group of orga- 

J- K tances which are of the greatest importance from the the- 

Is the practical point of view. With but a few excep- 
the members of this group maybe represented by the geneial 
formula (MH>0)!/> hence the name “carbohydrates (i.e., compounds 
fronwU water). The term has, however, lost its original signi¬ 
ficant ^cause the molecular formal* of some of the members of 
fhSstroup (eg., rhamnose and fucose, C 0 H,,0,1 1 do not agree with 
the above formula. On the other hand, a number of organic compounds 
(such as formaldehyde, CH 2 0, acetic acid, C,H 4 0„ ^ lactic acid 
r H O ) whose formulae agree with the above general formula, are 
entirely different from the carbohydrates in chemical behaviour. 

The carbohydrates are divided into three main classes according 

to their molecular complexity : 

(1) Monosaccharides (also known as monosachoroses or 

Glucose fructose, each of which possesses the molecular 

CcH i2 0 (V , belong to this group. 

(2) Disaccharides (also known as disaccharoses or dioses). 

familiar example of this class is cane-sugar, C, 2 H 22 0,j- 

(3) Polysaccharides (also called polysaccharoses or polyoses, 
(C,iHioO,)n. Starch, cellulose and other complex carbohydrates belong 
to this class. 

The members of the first two groups, collectively known as sugars, 
are crystalline, soluble solids with a sweet taste, while those of the third 
group, called non-sugars, are amorphous, insoluble aud tasteless. 

2. Glucose, Dextrose, Orape sugar, C 6 H 12 O 0 . This is the most 
important monosaccharide. 


wonoses). 

formula 

The most 


Occurence. Glucose occurs, together with another monosaccharide 
called fructose or fruit sugar, in grapes mangoes and other sweet 
fruits, and also in honey and nectar of certain flowers. The urine 
of patients suffering from diabetes may contain as much as 10 per 
cent of this sugar. 

Preparations. (1) From Cane-Sugar. Glucose can be readily 
prepared in the laboratory by hydrolysing cane-sugar with hydrochloric 
acid :— 


C*.H s ,0 1 i+H.0 -*■ C„H 12 0 c + CcH i2 0 0 

Cane-sugar Glucose Fructose 

The cane-sugar is dissolved in rectified spirit, a small proportion (about 
5 per cent) of concentrated hydrochloric acid is added, and the mixture 
heated at 50° for about 2 hours. On allowing the reaction product 
to cool, glucose, being much less soluble in alcohol than fructose, 
crystallizes out. 

(2) From Starch. On a commercial s-oale, glucose is prepared by 
the hydrolysis of starch :— 

(C fl H lo 0.,)*+*H 2 0 xC 6 H x 2 O tt 

Starch Glucose 

Starch, made into a thin paste with hot water, is boiled under presstire 
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with a small quantity of dilute sulphruic acid, until a few drops of 
the liquid give no coloration with a drop of iodine solution. The acid 
is then neutralized with chalk, and the liquid is filtered. The filtrate 
is decolorized with animal charcoal, end evaporated in vacuum pans 
to syrup, which on being allowed to cool sets to a solid mass 

of crystals. , , , 

Uses Glucose is used as a substitute for cane-sugar by bakers 

and confectioners. It is also used in the fruit preservation and wine 

industries. Very large quatities of corn syrup or glucose syrup are 

manufactured in the United States from maize starch by hydrolysis. 

Physical Properties. Glucose is a colourless, crystalline substance, 
much less sweet than cane-sugar. It is readily soluble in water, 
from which it separates as crystals containing one molecule ot water 
and melting at 80°. It is sparingly soluble in » lcohol ». fr ° m 
crystallizes hs anhydrous needles, melting at 146“. Glucose is ^rorota<o. 
ry\ i.e., its solutions turn the plane of polarized light towards the 
right. Hence, it is also called d-glucose. 

° Chemical Properties. Glucose has been shown to possess the 

structural formula 

CH..OH 


(CHOH) 


CHO , * 

Hence it possesses the properties of a. polyhydroxy aUehyde A 

sugar such as glucose, that contains an aldehyde group in its molecule 

i 9 'The d follo«dnt 0 S a e re the chief chemical properties of glucose 

m Metylati m . When heated with acetic anhydride and a little 

zinc chloride, glucose gives a P*” 1 *®* 1 * 1 derivative . 

CH aCOU'trlo 


(CHhCOOCH) 


This proves that the glucose molecule b^memf of’sodhm amalgam in 

(2) Reductions. When r .^ c ^ fl by c “® s a ^ n di„g primary alcohol, 

aqueous solution, glucose which gives ethyl alcohol) : 

called sorbitol (compare acetaldehyde, which gi e 

CHcOH CH 2 OH 

(CHOHh + 2H (CHOH)* 

CHO . 

Glucose - primary alcohol) 

(3) Z 
dSxyir^c^cXdgioonicacid and saccharic add respect,v y. 

Cii.OfldCHOHl.XTIO^CH^H.iCHOH^COOlI 

Glucose 
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COOH.(CHOH)<.COOH 
Saccharic acid 

For this reason, glucose gives the silver mirror test and also reduces 
the Fehling solution (compare other aldehydes). 

(4) Addition of Hydrogen Cyanide . Glucose, like other aldehydes, 
combines with a molecule of hydrogen cyanide, yielding a cyanohydrin : 

CHo0H.(CH0H) 4 .CH0 + HCN CH 2 OH (CHOH) 4 CH(OH)0N 
~ f'.ln/'rwo rvnnolivarin 


Glucose 



EMIL FISCHER (1852-1919) 

a brilliant German chemist, who is well-known for his researches on sugars and 
also on certain other branches of Organic Chemistry. 

(5) Reaction with Hydroxylamine. When treated with hvdro- 
xylamme, glucose gives an oxime. 


CH 2 OH.(OHOH) 4 . OHIO 

• .Glucose* 


+ Ho NOH 

OH..OH .(CHOH) 4 .CH=NOH 

Glucosfc oxitne 


r HoO 

• 1 

(fi) Reaction with PJu>nylhydrazine. Glucose, like other aldehydes 
phenyihydraziae in the cold .to give a phenylhyd’ozone. 
first w,t !\ phenylhydr azine, the pin nylhydrazone 

h ! ir J IS f ldlZed by a second molecule of phenvlhydrazine (which 
is itself reduced to ammonia and aniline) with The production of a 
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new > CO group, which then reacts with a third molecule of phenylhy- 
drazine, giving an osazone : 

CH..OH 
I 


CHoOH 


(CHOH) ;l 

I 

CHOH 

I 

CHO 

Glucose 

CH.OH 

h.\.nhc«h 5 1 

(Second molecule) (CHOH) 3 

CO 


H-X.NHCr.H'i (CH0H) 3 

I 


CHOH 

ch=n.nh„ch. 

Glucose pheny lh ydr azonc 

CH jOH 

HN.NHCbHs I 
(Third molecule) (CH0H) s 

c=N.NHC 0 H., 


( iu _ n NHCcHj CH = N.NHCoHi 

^Intermediate ’ Glucosa.oue 

(7) tc.theaction of yeast, glucose 

“—- - ^ 
he t^r:: Ika tution * — - » 

lowing c °^ d h er a t?i" 8 a nhydri de it gives a pentacetyl derivative ; hence 

o^ddation*!glucose g^ves^acid^jgluconic^nd ^cch^ricl 

- : primal alcohol group 

in the molecule. hvdroeen evanide, followed by hydrolysis 

(3) On treatment with hydrog y which is known to 

and ( reduction, glucose gives * terminal COOH 

contain a straight e^of "appears that glucose is a stra.ght 

^I’riovf reactloif ‘are''explai ^ 0 ' Mob ° XOS ° ,0rmU ' a ’ 
CHoOH 

usually (CHOH). assigned to glucose. 

, „ , 7 >c t of Glucose:— . . w i t h sodium hydroxide : Notice 

oi +~ 

instead of acetaldehj ae. - 

3. Fructose, Fruit Sugar. Letwifoae* C«Hi* w jth glucose, in honey. 

This susar occurs, together w**- 1 ¥> 

necSra^jui^-et fruits. 
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Formation As already mentioned, the hydrolysis of cane-sugar 
yields an equimolecular mixture of glucose and fructose, from whi . 
however, it is difficult to isolate pure fructpse. 

Manufacture Fructose is commercially prepared by the hydr - 
lysUoTLlia. a starch obtained from dahlia tuber, and rh- 

■chokes. The method is similar to that employed for th. manutactme 

of glucose frcjm ordinary stapeh. ; 

Physical Properties, fructose forms anhydrous sweet crystals 
melting at 95°. and is reajlily soluble in water. Its solutions aie 
fevorotutory (hence the name levulose). 

Chemical Properties. Fructose has been shown to possess the 

structural formula : 

CH.OH 


(OHOH)* " 

I 

i - • CO 

1 I 

CHoOH . , , . 

A sugar, such as fructose, which contains keto group in its molecule is 

-termed a ketose. 

In most of its chemical properties, fructose closely resembles glucose. 
Its chief reactions are :— 

(1) Acetylation. ■ When heated with acetic anhydride and a little zinc 
•chloride, fructose, like glucose, gives a pentacetyl derivative : 

V.... CH3COO.CH0 

„ (CHaCOO-CHU 

<k> 


' ch 3 coo.ch» 

This proves that the fructose molecule contains five hydroxyl groups. 

(2) Reduction When reduced by means of sodium amalgam in 
aqueous solution, fructose gives a mixture of sorbitol and mannitol (con¬ 
trast glucose which gives only sorbitol). Both sorbitol and mannitol 
-are primary alcohols possessing the same structure but different confi¬ 
gurations. Representing the CH..OH (CHOH) 3 —pftrt of the molecule 
of fructose by R. th- change may by represented as follows : 


CH a OH CH«OH CHoOH 

| Reduction | | 

CO -> H—C—OH and HO—C—H 

k . A k 

</-Fractosc 1 (i-Sorbitol ; <f-Mauuitol 

It should be noted that th® only difference ii^ the configuration of 
sorbit 0 and that of mannitol lies in the newly produced asymmetric 
carbon on printed i 1 the bol i type. 

(3) Reducing Action. [Fructose, like glucose, possesses active re¬ 
ducing properties, and gives the silver-mirror teat and reduces the Felli¬ 
ng solution. In this respect,. it differs from simple ketones such as 
lacetone. During these reactions, the molecule breaks up (compare .keto- 


CHoOH 


and 


HO—C—H 


Rr 

(/-Mauuitol 
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nes), a mixture of hydroxyacetic acid and trihydroxybutyric acid being. 

produced :— • 


CHoOH 


CHOH 

I 

CHOH 


CH..OH 

I 

CHOH 

I + 

CHOH 


• III 


COOH 


1 

COOH ' 

Trihydroxy 
butyric acid 


’ CH 2 t)H 

Hydroxy acetic 
acid 


20 

CHOH 

• I 
CO 
I 

CHoOH 
Fructose 

(4, Addition of Hydrogen Cyanide. Fructose like other ketones- 
combines with a mokcule of hydrogen cyanide, yielding fructose 

cyanohydrin :~ 

CHoOH 

I 

(CHOHla 

| +HCN— 

CO 


CHoOH 

I 

(CHOH) :i 


! 


n .OH 
0< CN 


.• ■ • 
i'id iroi 

CH 2 OH 

Fructose cymrthtyAnu 


; < 


CHoOH 
FjufcfcpSh » 

(5) Reaction wi'k Hylrotylaminr. When treated with hydrosvinmme 
fructose gives fructose oxime : j 

CHoOH : : CH 2 OH 

(CHOH):, (CHOH):, +H o 

CO : I1. NOH C=NOH 

.,|‘v .*■•'? • - I ! , 

oil' CH.OH ■ , , 1 

■ Fructos-oxime 

• ><• Prlirtr " ‘ 


: i 


pupil.- ■ 

rawnc, first form a, •« UUU TJ'';” odllcti on of a - CHO g*»«P- . V ,e 

° r B ' v,ns 


•ilucosazone : 


CH a OH 7= 0H 

; (CHOH)V ;(0H0H,! 


I 

CO 

CH'oOH 

Fructose 


C=N.NftCcH s 


r • • . i 




</x : 




ch 2 oh 

Fructose phenylhydrazont 


I • ' l' 


) 




•Sec. 4.J ! 


21 :; 


CARBOHYDRATES 


HjN.NHCfiHi 
(Soco»<l molecule) 


CH.OH 

j H;N.NHC c Hi 

(CHOH) , (Third molecule) ' 

I -* 

C = N NHCoH . 

I 

CHO 

Intermediate 
oxidation product 


CH.OH 

I 

(CHOH):, 

C = N.NHC,.H , 
ch = nnhc..h, 

Glucosazone 


The fact that fructose and gluccso give the game osazono proves the 
configurational relation hip of the two sugars. , 

(7) Fermentation . Fructose, like glucose, is .fermentable by yeast, 
giving the same produces as glucose. 

Tests. Fructose may be identified by the tests described in the 
following experiment. 


Expt 2. Tests of Fructose :— 

(1) Silver-mirror Test. See Expt. I, p. 210. 

(2) Reducing of Fehling’s solution. See Expt. 1, p. 210. 

(3) Action of concentrated Hydrochloric Acid. Boil a solution of tructose with con¬ 
centrated hydrochloric acid. Note that the solution becomes at first red or red- 
brown, and ultimately turns dark brown. 

(4) Selivanoff's Test. Dilute some concentrated hydrochloric acid with an equal 
volume of water. Add a few cr\stals of resorcinol and a few drops of fructose solu¬ 
tion, and heat. The solution will turn red in colour, and a brownish-red precipitate 
will be deposited. Add alcohol ; the precipitate dissolves to give a red solution. 

Use. Fructose has a sufficiently swe^t taste to he asjd as a substi¬ 
tute for cane-sugar by patients suffering fiom diabetes. 

4. Distinction between Glucose and Fructose. Glucose and 
fructose differ from each other in the following respects : - 

(1) Glucose is dextro-rotatory, while fructose is levo-rotatory. 

(2) On reduction, glucose gives sorbitol while fruotose gives a mix¬ 
ture of sorbitol and mannitol. 

(.‘1) When subjected to oxidation, glucose gives acids (gluconic and 
saccharic) con* aining the same number of carbon atoms as the sugar 
itself. Fructose, on the other hand, undergoes oxidative breakdown, 
yielding a mixture of acids (hydroxyacetio and trihydroxybutyric) 
containing a smaller number of cai bon atoms than the sugar. 

(4) With resorcinol ar.d hydrochloric acid, fructose gives a deop-red 
coloration and ultimately an alcohol-soluble brown red dye. 

(n) Glucose gives Moore’s tist with sodium hydroxide. 


5. Conversion of Glucose into Fructose. To obtain fructose 
from glucose, the latter is first converted into glucosazone (p. 16S), which 
on hydrolysis, yields glucosazone. This last compound upon reduction 
passes into fructose. 


CH a OH 

I 

(CHOH) : , 

I 

CHOH 


H 2 N.NHC c H 

3 molecules 


CHO 

Glucose 


CH a OH 

I 

(CHOH), 

I 

G:N.NHC„H- 

I. > 

CH:N.NHC„H 5 

Glucosazone 
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Hydrolysis 


CHoOH 

i 

(CHOH) 

I 

CO 

J 

CHO 

Glucosoue 


CH.OH 


Reduction .(CHOH):, 


CO 
I . 

CHsOH 

Fructose 


6. Glucosides. Glucosides are derivatives of the et-lier type form- 
cd by the combination of a monosaccharide (commonly glucose) with one 
or more other substances. Tlie simplest compounds ol this class have 
been synthesized by Emil Fischer by allowing a monosaccharide to react 
with an alcohol in the presenoe of hydrogen chloride : e.g.. 

CoH,oOf. -f CH ; ,OH -* C„H n O,OCH 3 + H.O 

Glucose Methyl glucoside 

These compounds do not combine with hydrogen cyanide, hydroxyl-amine 
or phenylhvdrazine. Hence, they contain no >CO group. When heat¬ 
ed with dilute acids, thev are hydrolysed to re-form the monosaccharide 
and the alcohol Hence', we conclude that it. is at the keto group that 
the combination of the sugar with the alcohol molecule has occurred. 

The studv of these simple glucosides has been very helpful in esta¬ 
blishing the constitution of sugars. It l«d Fischer to the conclusion 
that, the polysacchari* es are analogous to glucosides.; they are the 
glucosides of the monosaccharides themselves. 

More complex glucosides are found very widely distributed in the 
vegetable kingdom. A typical example is amygdalin (!, o Hn V N0n, which 
is present in bitter almonds It crystallises in colourless prisms melt- 
ini at 208°c. and is readily soluble iu water Amygdalin is decomposed 

bv the hydrolytic action of the enzyme emu s.n, also present m hitter 

almonds', to give glucoie, benzaldehyde and hydrogen cyanide 

(' H NO 2H..O-> 20r,H t »Or.+ C.H* CHO + HCI \, 

Amygda^ U “ Glucose Benzaldehyde Hydrogencyan.de 

Salicin present in Salix and w.llow bark and various tarings which 
occui in oak bark acacia bark, tea leaves etc, are other examples «i 

glucosides. • 

7 Sucrose. Cane Sugar, Saccharose, Cu>H 8 spu.. 

’ Pnne-sutrar which is the most important of all sugars. 

oJisTthe juice of certain plants notably the sugar-cane and sugar- 

'’ ee, M „f,rture The two most important sources of commercial 
cane M sTgar“‘"Ml) the sugar-cane (Fig. D and (2, the sugar-hee, 

From Sugar-cane. The manufacture of ca.ie-s,lp.r Iron, sugar- 

Purpose, the canes are crushed 
in a cane-mill ora bj ^ U V®.^ reS xh e juice contains, in addition to sugar 

jfiztsr - s&Z’rvtr-ssxF 

BSSasr5SSSS«S, 1 .».™i«. 



215 


CARBOHYDRATES 


_ n , 

sec. «.j 



£■ 


Fig. i. Sugar-cane. l : ‘g- 2 - Sugar-beet. 

The juice is, therefore, at once run into defecator tanks heated by 
steam coils, and treated with 2 or 3 per cent of lime (defecation) By 
this treatment, the proteins are- coagulated and the pectic substances 
are precipitated as insoluble peciates of calcium. I hese rise to the sur¬ 
face, forming a thick scum which is removed. The excess of . j® 

thrown down as calcium carbonate by blowing in carbon dioxide 
(earbonation), and the liquid is then filtered Instead of carbon 
dioxide, sulphur dioxide is frequently used (sulpoitation). and yields a 
liquid of much better colour. 

—► TO 
CONDENSER 
& EXHAUST PUMP 



•OUUTI0N 


TO CRYSTALLCiNO 

•— TANKS 


Fig. 3. Multiple- effect evaporator (diagrammatic). , ,. r _ 

(i it) Concentration and Crystallization. The clarified juice is evapo- 
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rated to a syrup under reduced pressure in “multipleeffect” vacuum pans 1 
(Fig 3). Carbon dioxide is cnce again passed through the syrupy liquid 
to decompose any calcium sacchaiaie still present in solution. The 
precipitated calcium carbonate is filtered off, and the syrup further 
evaporated invaeuo to the crystallization point. The liquid is then run 
out from the pans and cooled The crystals are separated from the syrupy 
mother liquor, known as “molasses.” by means of centrifugal machines. 

(2) From Beet-root Beet-root contains about 15 per cent of sugar, 
which it is not possible to reoover by simple pressing. The process 
employed is known as the diffusion process This is really a process oi 
dialysis, which allows a free passage of sugar, but not of albuminous 
and other collodiil matter. 


TO N£xT 
otrrutt 


CHARGING DOOR FOR BEETS 


The beets are cut into thin slices 
which are then immersed in warm 
water in vertical tanks or diffusers, 
as they are termed. Each of these 
has a capacity of from 4,000 to 
8,000 litres, and is provided with a 
door at the top for charging with 
fresh slic ‘S, and another at the 
bottom for taking out the spent 
juice Ffiom slices (Fig. 4 ).There is a battery of 
about I 2 diffusers (Fig 5 ). arranged 
either in rows or in a circle, and 
working on the counter-current 
principle. The liquid enters each 
diffuser at the bottom and leaves it 
Pig 4 . A Diffuser (Vertical Section). at the top as shown by arrows in 
Fig, 4, the slices remaining stationary. The diffuser No 1 (refer to Fig. 5) 



PReciPina 

DIFFUSER 


019CHARGE OOOR 
FOR SPENT BCFTS 



. Fig . 3 illustrates ... ggft to b^utr^i 

lirec evaporating pans «» *' constant level, are provide! with three 

s continually circulated and kept Tfac resure i„ I>, is higher and that 

lets of heating coils. Hi, “i * passed through H,. This makes the 

n P 3 lowest. Steam from a bode • in P( passcs out into the heater 

ipuid in P, boil. Tim sc. hot Enough to keep the liquid in this pan at 

HI* of the next pan P 2 . 1 * nrcssure. The steam produced by the 

the boiling point corresponding ^ hcater H , G f next pan and makes 

boiling of the solution in P»P* • > in thi3 last pan is kept very low by 

solution boil here also. The pr of fueJ achieved by multiple-effect 

neons of an cKhaust pump. 1 “f ‘ 
ivaporation may be as high as P or 
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into which the fresh water enters, has been longest in action, 
so that the extraction here is practically complete. It ij< less 
comphte in No. 2, st.'U less in No. 3, arc! so on up to No. 10, 
which has just been filled with fresh beet slices. The w*ter, after it 
has passed through diffuser No 1 (thus removing almost the whole ot 
the sugar that the 1 eet contain* d) passes on to diffusers Nos. 
2, 3, 4, etc., until finally the solution having a high sucrose content 
parses into diffuser No. 10, containing the fresh slices. From here it 
takes up a further quantity of the sugar and thus we get a solution 
having as high a sucrose content as it is possible to get from the bee s. 
This is known as the diffusion Juice. The waste s-lices in diffuser No. 
12, which previously acud as No 1 sire heii g removed, "hie No. 11. 
which is being filled with fresh slices will be ready to act as ti e hist- 
diffuser in the following cycle, when No. 2 "ill become the first diffuser. 
The above operations are repeated round and round the battery, each 
•diffuser in turn receiving fresh water at one end of the battery and 
fresh slic°s at the other end. The diffusion juice is treated in exactly 
the same manner as the cane juice, as already described. 


Refining of Raw Sugar. The raw sugar obtained from cane <>r 
beet-juice has si brownish or yellowish colour. The process of refining 
the raw sugar consists of i he following st» ps r 

(1) Affining . This process has the object of removing adherent 
inolass.es, which envelops the gi ain, and may sometimes be very dark- 
coloured. The crystals are treated with a syrup of suitable strength, 
and then separated by means of centrifugal machines. The consistency 


of some ia»/ sugars does not permit of affining. 

(2) Lime Treatment. The crystals are then 
dissolved in water, and the solution tieated 
with a little lime, followed by blowing in of 
•catbon dioxide. This treatment has for its 
object the formation of a voluminous precipit¬ 
ate, "hich will carry down, by absorption, 
proteins and oiher colloidal impurities. The 
liquid is then passed through a filter pi ess. 

(3) / ecolorizalion. The clear solution is 
now decolorized by filtering through animal 
charcoal A “char filter” (Fig 6) has com¬ 
monly the form of an iron cylinder, which may 
hold 20 ions or more of animal charcoal. The 
charcoal is uniformly pack, d on the filter cloth. 
And the liquid passed through it at a temperat¬ 
ure of about 70°C- 



(4) f rystallizaOon. The decolorized solution is once again concent¬ 
rated in vacuum pans, uniil crystallization s.ts in After allowing to 
cool, the crystals are separated by means of centrifugal machines, and 
may contain as much as 99 9% of sucrose. 


Physical Properties.' Cane-sugar crystallizes from water in colour¬ 
less, anhydrous prisms, melting at about 160°C. It is readily soluble 

m wat. r (3 parts of sugar in 1 of cold water), but only s, aringlv in 
Alcohol - The aqueous solutions are dextrorotatory.: 

-to ^^“^sugar is carefully heated, unf il it melts, and then allowed 
1, it soldifies to a pale-yellow, glassy mass known as barley-sugar. 
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which, on standing, gradually reverts to the crystalline state When 
heated at 230°. it yields a brown proi t<;t known as caramal, which is 
much used fjr tinting liqueurs and confectio .ary . 

Reactions. (I) Hydrolysis. When warmed with dilute acids 
sucrose is rapidly hydrolysed, yielding an equin.olecular mixture ot 

glucose and fructose : TT ^ w 

C. 4 H,»Oj, + H a O -> C«H ia O« + UH 2 0 r , 

Sucrose Glucose Eructus; 

The resulting mixture is levorotalory . as the fructose is more strong- 
h levoratorv than glucose is dextrorotatory. Since the solution before- 
hydrolysis is dextrorotatory, the process is known as inversion a .d th 
mixture of fructose and glucose, so obtained, as invert sugar T he inv¬ 
ert sugar forms a syrup, which is sweeter than ™™+?***> ^fo/honey* 
lov d for making fruit preserves. sherds, and as a substitute tor hone>. 

" '.t already mentioned, sucrose is fermentable by yeast, which contains 

the enzv • e sucrose or tuvertase as well as zymase - • „ 

derivatives. c.»lu(1 siui-iie. . • i.. soluble was once 

sucrate. C,,H....O l ,.2SrO. which, being spar.ngh solu . 

used in ««• separation of *,*ar from 8ulphuric acid clrnr* 

. Jirtf 8U, ” hut 

or^beammoniMafsilvrr'nihatesolutiOTjand docs no, rear, with pbenyh 
’■Tests"'Sucrose maybe identified by the various tests deserved 

::£!:E2=ra - ■ ff 

brown solution of caramel is produced. drops of water and about 

( 2 ) Take about . gram.of sucrose » -^t^tube. ^ * v blaC k. porous mass 

,C c of concentrated sulphuric acid. Warm. 

C ? 3 “' ,haf™cr"» does ,n, acid in a bohinv 

Ks&SB TUTiSSSS- "•*.. •"”"■ 

molecule has the following structure 
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The discussion of the problem however. is be.vond the scope of this- 
book. 

8. Starch. Next to cellulose, starch , 

is the most abundant material found in <>/ &L o 

the vegetable kingdom. In plant metabo- /A\ A%W ® 
lism, starch occupies a central position /Wj^Sk'^' o‘?>€§> T°° °\ 
amonc the carbohydrates, being trans- I Co^ Q J 0 \ 
formed by enzyme action either into the cx>^ *K 0 \ 

simpler mono- or disaccharides, or into |-— %[a o 0 c oo Q . 7 } 

the more complex gums and celluloses, «> ( 5 >0 

Starch occurs particularly in potatoes. \ Qj o*~\ w )'-s 0o .O / 

wheat, maize, rice and the pith of the 0 «©J? e •lyo’ 6 rf £)°°/ 

sago palm. In these the starch is stored \ o 0 °<g ^ 0 a 

as microscopic gra .ule*. the shape and TyS s . < o c e ) $».• °}^o] * l/c 

size of which are characteristic of the \V% C 

source of the starch (Fig. 7). The gran- ... 

„les. when examined under tkr mta* 

cope are found to consist ot an mnei , . 

nucleus, or “bilum” around which are arranged a number of concentric- 
layers or ‘stria*.' The hilum is the oldest. i.e., the first termed, portion 
of the grain, while the striae represent layeis of different density, some 
of them containing more or less water than others. No two species ot 
plants are found to give exactly identical starches. The potato starch 
has the la.gesi granules. (0 05 to 0 Oi mm. diameter) which possess n 
eliaracteiisiic, n>usstl-like appearance (0 003 to 0 007 min. diameter). 
They have a tei denev to coalesce into larger granules, W heat starch 
consists of round, lens-shaped granules of 0 C2 to 003 111 m. diameter, 
while maize starch consis’s of characteristic, polyhedral granules with 
a dark oentre and no visible striae. 

Manufacture. Starch manufacture is a very important industry. 
The two largest starch producing countries of the world are Germany 
and America. In Get many, starch is manufactured chiefly f»om potat¬ 
oes and to a smaller extent* from rice, while in America the chief source 
is maize. In India, Great Britain and other contries both wheat and 


Pig. - Starch Granules, <1 Potato 
lb) Rice, (r.) Wheat (</) Maize. 


rice are employed for this purpose. 

The manufacture of si arch is essentially a process of mechanical 
separation of this substance from other materials with which it is 
associated The procedure adopted differs in it dividual coses. 

In the case of potatoes, after the preliminary washing to remove 
earth, sand and grit, the tubers pass to a rasping machine, in order to 
rupture the cells. The pulp thus obtained is carried by a fine stream 
of water on to fine-mesh biass sieves to separate the starch from coarser 
particles and fibrous material. The resulting milky liquid is run into 
tanks to separate fine sand and grit by settlement. It is then allowed 
to run slowly over long, shallow, wooden troughs, or gutters where the 
pure starch settles out. while the aqueous liquid, along with the impuri¬ 
ties, passes off. The pttre, white starch is washed from the gutters by 
a stream of cold water, and is pumped through filter presses. The starch 
thus obtained i* in the form of a cake containing about 40 per cent of water.. 

In rice and other cereal 5 -, the starch is associated with varying pio- 
port ions of protein Or gluten material, which must be separated from 
starch. The portein present in rice is rendered soluble by very weak 
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'caustic soda solution. T liis fact isuntilzcd in the production of starch 
from this sourc». 

In the ease of wheat, the gluten forms an elastic mass with water, 
which it is not possible to remove by levitation. Hence, in this case 
the grain is first ground into Hour, which is then made into dough 
with water. This is spread on a fine brass sieve, where a moving 
roll r presses oat the starch This is levigated off by a spray of 
water. The resulting milky liquid is then trcited as in the casa of 
potatoes. 

Properties. (1) Physical Characters. Starch is a white, hygros¬ 
copic powder, without any taste or smell As already described, the 
granules of starch from different plants are of different characteristic 

shapes and sizes , 

(2) Solubility. Starch is insoluble in cold water. With hot watei. 

it forms a piste, which is dextrorotatory . 

(3) Reaction, with lodim. The most characteristic reaction ot starch 

is the production of a blu, cobur with iodine. This is employed 
as a test both for iodine and starch The colour appears to be due 
to the absorption of iodine by starch, and not to the formation of 

any distinct compound. . • 

(4- Hydrolysis. When starch is boiled with a dilute acid, it 

•converted first into dextrin and then into d-glucose. Sir } c ' the ^ nve ’‘ 

sion into glucose is quantitative, the reaction is utiliz-d for th 

estimation of starch, the resulting glucose being titrated with Fehlu g > 

wilh‘c*tain enzymes, called diastases or amylases, starch is converte,! 
almost quantitatively into malt >ss The reaction is util,zed in the 

in,1 ;r 1 ’iXT *^d “h^Stith a mixture of concen¬ 
trated nitric and sulphuric acids, starch gives nitre starchwh-eh -s » 
list,ire of nitric esters (compare nitro-cdlulises). N.tro 


miXUUf iiivwv, ----- -1 o, 

" r t “° d ’ h itS the C form'^o^eorn-tiour.^aiu-ow root, sago l sooji. and a 
se starch in the form ot corn n , . ... an d many other 


oil 

use starch in the form ot corn-nom. -"° and ra ' ny „the. 
ro-st.ituent of bread : macaroni, phirm. daha. potatoes anu y 

food articles finds extensive appli- 

cation corn-syrup”, gluco,- 

nrtt.^ ti ^hT^ru»» o . or°th"f^ 

and for other purposes _ B> h«a-tinu • ^ thick, gumlike product, 

starch paste with a little> n»tn , ^ ies This is known as 

which possesses poweiful ^he P instPa d of the more 

dextrine or British gum, and is * l f la blcs, stamps, enve- 

expendve.gum-urabiadhesive, called "Gloy’\ mixture of 

dextrine starch and ‘ ^‘^extensively used by washermen 

(4) in Laundries R |ce u applied to the cloth, 

for'stiffening linen ^“it hm irom’’into a shin,, stiff 

layer of dextrine. 
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0 Cellulose Cellulose is the most complex polysaccharide known. 

I. I rxz- £3 

all'te^etable tissues.;, Cotton, jute; hemp, flax. papei\ ^^/miner^l- 
,n different forms of cellulose, containing small amounts ot mineral 

matter which is left behind when these substances are burnt. 

Preparation Pure cellulose may be obtained from cot.ton . w ool. 
d ix or P naP‘r The material is treated successively with dilute tndio- 
ohloric or 1 hydrofluoric acid (to remove mineral matter), w at. i alcc J^ 1 - 
»nd etber. * The c.llulose which is very stable towards dilute acid, 
and alkalies, is thus obtained as a white, amorphous mass. 

Cotton and linen cloths consist almost entirely of cellulose. Ihe 
finest Swedish filter paper, got by extracting ordinary filter pupei 
with hydrochloric acid is almost a chemically pure form oi cellulose. 

Properties (1 )Physical Characters. Cellulose, like starch, possess*s an- 
organized structure, and occurs, in the form of hollow fibres, the appea¬ 
rance and dimensions.of which are characteristic of their .particular sour ce¬ 
lt is because of this structural peculiarity that cellulose forms the 
basis of. the paper and the textile industries. • 

(2) Solubility/’ Cellulose is insoluhl • in all the ordinary solvents, but 
dissolves in Schweizer’s reagent (ammoniaeal solution of cupric hyroxide). 
forming a colloidal solution, from which the* cellulose’ may be recovered 
,.s a gelati ious precipitate by the adition of an acid. 

(3) II yI rat ion. When cellubs* is treated with dilute acids or com¬ 
minuted mechanically with water (as in paper making), it is con¬ 
verted into a hydrated cellulose or hydrocellulose. 

;4) Hydro'ysis by Concentrated Acids. When cellulose is treated with 
cold, concentrated sulphu'ic acid, it swells up and passes gradually into 
solution. On adding water to this solution, a starch-like substance, 
called amyloid, is precipitated On prolonged treatment with concen¬ 
trated sulphuric acid, followed by boiling of the diluted liquid, ct llulosc 
undergoes complete hydrolysis, giving first dextrin and finally d-glucose. 

(5) Action of Alkalies. Though cellulose is remarkably resistant to 
dilute alkalies, with a 15 to ' (> per cent solution of caustic soda its 
ribbon-like fibre, having reticulated walls, swells up into a smooth-wall¬ 
ed cylinder. This fact was noted in 1884 by John Mercer. Five years 
later, H.A. Lowe observed that if a cotton fabric, while immersed in 
alkali, he subjected to simultaneous stretching, to counuract tire cont¬ 
raction consequent on the swelling it acqirires a characteristic silky 
lustre. The p oct-ss is known as m?rcerization, and is employed indus¬ 
trially on a large scale * 

Uses. Cellulose is o »e of the most important substances known to 
its. It finds many applications such as the manufacture of cloth, paper, 
explosives, artificial silk, films, lacquers, celluloid, etc. 

QUESTIONS 

x. What arc carbohydrates ? Classify them. Describe methods of preparation 
of glucose and its reactions with plienylhydrazine. Give its structural formula. 

„ . (Punjab Inter., 2945) 

*• " atc tae c ° ie ‘ properties of the principal groups of carbohydrates. Glucose 
is said to be an alaehvde and fructose a ketone. How would you confirm these 
statements ? (Punjab, Inter ,. 1924) 
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a. Outline the preparation o£ glucose from (a) starch, ( b ) sucrose, giving 
•equations. Explain briefly how glucose reacts with Fehling’s solution, ammomacal 
silver nitrate, and pheuylhydrazine. Are these reactions also given by fructose or 
; rose ? (Punjab, Inter,. 1928 1 

' " Cr ^ -what properties and reactions would you distinguish a salution of cane- 

su^ar from a solution of grape-sugar ? _ , 

How would you demonstrate the production of grape-sugat from cane-sugar ana 

starch respectively ? (Unit. Prov., Inter., 1925) 

5. What structural formula is given to glucose ? From what hydrocarbon may 

this sn«ar be regarded as derived ? _ , . , 

i, & Eriefly discuss the properties of glucose and f ructose. In what ways do 

thev differ and how can glucose be converted into fructose ? (Punjab, Inter., 19 2 9 ' 
they diaer ana^ ^ in * Bufj|cture of cane-sugar. (Punjab. Inter.. 1929 , 1930 ) 

S. Write equations to represent the following reactions :— 

(i) Action of phenylhvdrazine on glucose ; 
hi) \ction of ammoniacal silver nitrate on glucose ; 

. i/ i ) Action of hot. concentrat ;d hydrochloric acid on cane-sugar ; 

^ cither cane-sugar, ,» glycerine, 

, tartaric acid state how you would proceed to identify it. {Unit. Prov.. inter., 1927 

■ ' ti You are giJe,, the following substances :-Cane sugar ; osahe acid 1 starch 
and urea. Mention the test, by which yen would identify 'zch wbstzn,*^ ^ 

,. What i, starch 1 Name three different sources fiom which it is obtained 
•on a commerctai scate Give one characteristic test by which this substance can he 
•identified. What different uses is starch put to ? 

12 What is cellulose ? Give its chief properties and uses. 


<1 



CHAPTER 23 

• ... ; ‘* : ~t 

derivatives of carbonic acid 

1 Carbonic Acid Derivatives. The unstable acid present in an 

t2hXdei?^b^d°" «“» *3K“ •^ ed “* of 

“de^'trr | r The 

sj£S£T. ££ :ar2^;V-.. n «* 

acid and its more important derivativeis 

Q|_J (lP.H . ^ y. /VA 


°-C<OH 
Carbonic Acid 


q_ p/OCoH-, 

O-O^oCaH., 

Ethyl Carbonate 


0 = C< 


Cl 


Carbonyl Chloride 

o=c<«», o-c<gg* 

Carbonic Acid Carbamide (Urea) 

The esters of carbonic acid are obtained by the action of alkyl iodid¬ 
es on sil-er carbonate, or of caibonvl chloride on alcohols They are 
pleasant smelling liquids soluble in which they gradually decompose. 

Being a dibasic acid, carbonic acid gives rise to two amides, the mono - 
amide, known as carbamic acid, is of for less importance than the diamide. 


urea. 



Fig. x. Preparation of Carbonyl Chloride from Carbon Tetrachloride. 

2. Carbonyl Chloride, Phosgene, COCUi ■ This compound is pro : 
duced when carbon monoxide and chlorine combine together in the 
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presence of sunlight or activated charcoal as a catalyst : 

CO + Cl 2 ?=* COCU 

The reaction is highly exothermic, and is consequently favoured by low 
temperatures (below 350°). 

The most convenient method of preparing carbonyl chloride consists 
in dropping 80 per cent fuming sulphuric acid (120 c.c.) into boiling 
carbon tetrachloride (100 c.c.) contained in a flask provided with a 
reflux co tde is *r and a dropping funnel (Fig.lb 

The gas set free is washed with c mcentrated sulphuric acid and con¬ 
densed in a U-tube immersed in a freezing mixture. The equation re¬ 
presenting the reaction is as under :— 

CCl . + 2S0 3 -> 0001* 4- S 2 C1 2 0 6 

Carbonyl chloride is a colourless gas with a penetrating and suffocat¬ 
ing odour, and is very poisonous. It can be readily condensed to a 
liquid (b. p. 8°). 

Reactions 'The reactions of carbonyl chloride show that it is the 

chloride of carbonic ocid :— ... 

(1) It is gradually decomposed by water, yielding hydrochloric acid 

and cirbon dioxide. 

•: OC<£jd-2H.OH ; -* 0C<^-f2H01 

Unstable 


oc< 


OH 


QH HoO 4-C0 2 

(21 When treated with alcohol, it first forms ethyl chloroformate. 

. it nn u OP.H. 


oc 


/Cl+H^Hr, 


X C1 

and finally ethyl carbonate. 

^ i r 


.00, H, 

0C< +HC1. 

N C1 


OC 


/ 

\ 


00 2 H r , 

ci+hoc 2 h 


oc 


>p c 2 H 5 


X 


0C,H, 


4-HCl. 


(.*{) With ammonia, it, gives urea the diamide of carbonic acid. 

' „\Tir AT U 


OC 


/ 

\ 


cl * H NH_ 

ci+h?nh 2 


/NH, 

C0< " + 2HC1. 

x nh, 1 

Urea 


Use Carbonyl chloride is much used in tl.» manufacture rfdi- and 

reason, been usc*l in warfare. . r . 

3 Urea, Carbamide. NH 5 .CO.NII,. Urea is the dnam.de of ea, ho- 

nic acid, HO CO.OH.. fnilv mown 

Occurrence. Urea occurs in the urine of mammals, a full} u« 

man excreting about 30 grams per day. obtained 

Preparation. (.) Se V ara tior 

from urine by evaporation to a smal - nreoioitato This, aft< r suit- 

urea nitr ,t ■ s-parates out .* a.to recover „*a. ' 
able purification, is decomposed wi h barium carnon 
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(2) Bit Isomerization of Ammonium Cyanate { Wohler s method). ; Ur6a. 
is generally prep .red in the 1 Moratory by Wholer’s method, mz., by- 
evaporating an aqueous solution of ammonium sulphate and potaSsiuni 
cyanate. The ammonium cyanate, formed by the double decomposition 
between the two salts, 

2KOCN + (NH 4 )*S0 4 2NH 4 OCN + K 2 S0 4 . 

gets converted into urea bv intramolecular rearrangement : 

NH 4 OCN r=± NHo.CO.NH, 

Ammonium cyanate l*rea 

Expt. I. Preparation of Urea :— 

Potassium cyanide. 50 gin. 

Red lead, 150 gin. 

Ammonium sulphate, 5 ° g ni. ' , 

Melt the p >tassium cyanide in an iron tray on a blow pipe flame, arfd 
add the red lead in small quantities at a time. The cyanide is oxidized to the 
cyanate :— 

4 KCN + Pb 3 0 4 4KCNO + }Fb ' ' 

• • • \ •. 

Allow the fused mass to cool, extract with boiling water, filter and a‘<ld 
the ammonium sulphate. Evaporate the solution to dryness on a water bath, when 
ammonium cyannte (produced by double decomposition between potassium cyanaie 
and ammonium sulphate) undergoes isomerization to urea. 

The urea is extracted with hot alcohol, ami the solution evaporated to obtain 
crystals of urea. 

• ■ • 

(d) It may also he synthesized by the action of aminopia on othvl 
carbonate or carbonyl chloride (compare acetamide) :— ‘ • 

CO(OC 2 H,), + 2NH, -» CO(NH 2 ) 2 + 20,H,OH 

Ethyl carbonate Urea " ' 

C0C1 2 4- 4NH 3 —» CO(NH 2 ) 2 -f 2NH 4 01 

Carbonyl chloride Urea •’ * 

Manufacture. Urea is now manufactured on a very large scale bv a 
recent process based upon the interaction of liquid ammonia and liquid 
o irbon dioxide :— 1 

CO a +2NH 3 CO<™* + H.O 

Uses (l) Synthetic urea is now extensively employod as a fertilizer 

in agriculture. 

(2) Another use of urea is in the manufacture of synthetic resins 
(made by condensing urea with formaldehyde), which are employed in 
making unbreakable ornaments, light fittings, table ware, etc * 

Physical Properties. Un-a is a white solid, 
which crystallizes from water in long prisms 

(Fig. 2, d). It melts at 132°, and is soluble in 
water and in alcohol. 

Reactions. Urea possesses the general 
chemical behaviour of an amide. Its more 
important reactions are :— 

(I) Basic Nature. Urea is a weak, monacid 
base, and forms crystalli ie salts with strong 
acids, the two most characteristic of-these 
being urea ni rate, (NH 2 CO NH 3 )N0 3 , and 
urea oxalate, (NH,;e0.NH 3 ) t Co0 4 

tates hTdT ° btained as oryst.llino precipi¬ 
tates by adding concentrated nitric acid, ora 



^Fig. 2 . (A) Urea. ( 23 ) . 
Urea nitrate, (C) .TJrea' 
oxalate. 
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saturated solution of oxalic acid, to a concentrated solution of urea. 
When examined under the microscope, the nitrate is seen to consist of 
rhombic, six-sided plates, which are often imbricated (like tiles) while the 
oxalate forms short rhombic prisms (Fig. 2, B and C). 

(2) Hydrolysis. - When heated with a dilute mineral acid or an alkali, 
urea is hydrolysed to give ammonia and carbonic acid : 

NH.;.CO.NH 2 + 2H.OH -> 2NH 3 + H 2 C0 3 

H 2 C0 3 ->H 2 0+C0 2 

The hydrolytic decomposition of urea by means of urease, an enzyme 
present in soya beans, is utilized in the estimation of urea {see below). 
Action of Nitrous Acid. Urea is decomposed by nitrous acid with 

evolution of carbon dioxide and nitrogen : 

1SH. C0.NH, 4- 20N.0H -* 2N. + C0 2 + 3H 2 0 
(4) Action of Sodium Hypobromile. When treated with an alkahne 
solution of sodium hypobromite, urea is decomposed with evolution 
nitrogen, the carbon dioxide produced in the reaction being retained 

by the “nhLcO.NH, + SNaOBr - N + C0 2 + 2H 2 0 + 3NaBr 

C0 2 + 2NaOH Na 2 C0 3 + H 2 0 

This reaction is also utilized for the estimation of 

m ° l NHt.c'o NH,Th NH.C0NH, NHX0.NH.C0NH, + NH. 

on shakinrthe”“i^the^ube with -‘er buiret^ djsso^es. 

sodium hydroxide‘^and' 0 ^ 1 'drop ^of dilute copper suipbate, a purple 
coloration^ is developed (biuret reaction). 

TJ 25K of urea in a *[*+Sf jUE 

—r' 7;— 

“fa r&ZUS add. 

b») Prepare a concent! atrf sole ion of s ; turated aque rm S oxalic acid and. 

separately with M a “Je pp‘ is formed *” “ .■ 

M ■ cent mercuric P This method for the estima- 

Estimation. (1) volume of solution containing 

tion of urea consists in adding?. Solution of sodium hypobromite 

urea to an v“of nitrogen evolved, the amount of 

urcTinTho 'solution ia ‘f* he^pparatua used in this method is the 
One of the forms of the appa larger tube A, is filled with 

Doremus ureameter (shown in dium hypobromite, while the 
a cold, freshly prepared solution c* 
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smaller tube B, is charged with urine or dilute (about 
2 per cent) urea solution to be examined. The tap 
T, is then carefully opened, and exactly one c.c. of 
the urea solution is admitted The volume of nitrogen 
that coll cts in the tube, A. is read, and gives directly 
the weight of urea per c.c. of the liquid. 

(2) By Urease. Another very convenient 
method for estimation of urea is based on the 
aotion of an enzyme call, d urease, which occurs in 
soya beans. This transforms urea quantitatively into 
ammonium carbonate : 

co< n£ + 2h *° (NH< )* COs 

The product is distilled with an excess of potassium 
Fig. 3. hydroxide, the evolved ammonia is caught in an 

.Dormus Ureameter excess of standard acid, as in Kjeldihl’s method for 
the estimation of nitrogen. The excess of the acid is then back-titrated 
with a standard alkali. 

QUESTIONS 

1. What is carbonyl chloride ? How is it prepared and what is it used for ? 

2. How is urea commonly prepared ? Give its important reactions, and 

•discuss its constitution. ( Punjab, B. Sr., 1934 ) 

3. Write a note on the preparation and synthesis of urea Describe a 
method for the quantitative estimation of urea in solution. 

(Calcutta, B. Sc., 1910) 

4. 20 c.c. of a liquid containing area, on treatment with alkaline sodium 
■hypobromite yielded 43-05 c.c. of n-trogen measured at 18 0 and 742 mm. 
pressure. Given that in this reaction only 92 per cent of the nitrogen is evolved 
in the gaseous state, calculate the percentage of urea in the liquid. 

(A tts. 0 574 gm. per 100 c.c.) 



PART III 


AROMATIC COMPOUNDS 

CHAPTER 24 

THE COAL-TAR INDUSTRY 

1 General. The parent hydrocarbon of the numerous aromatic 
compounds is benzene, just as methane is that of the aliphatic compoum 
<ls. Certain of the substances derived fiom benzene were obtained 
originally from aromatic resins and oils. While the actual constitution 
of these compounds was not k< own, they all had a pleasant, “aromatic 
odour ; hence they were grouped together as aromatic compounds, lhe 
term “aromatic” is now employed for all the benzme derivatives. 

2 Destructive Distillation of Coal. 

aromatic compounds is the tar obtai .edasa by-product in the destructive 
distillation of coal at temperatures above 10U0°C. This is. carried out 
either for the manufacture of coal-gas or of coke required for the 

metallurgy of iron and other metals. 



Fijr I. Manufacture of Coal-Gas. 

The plant employed in the 'nanuf. of 

fia^cpal (,> . coal rich in side of the 

gas) is heated in fire * c J^ e fi ^ ‘ T } 10 volatile products bubble through 
figure) heated by a coke h inOSt of the tar gets condensed. The 
wat r m a hydraulic main, series ot air-cooled pipes, where 

gas then passes through cont e , ' ^ ext the gns passes upwards 

the rest of the tar get. coke which water 

through a scrubbing towe, pac ftnd 8ome of the hydrogen sul- 

is sprayed. Here most of the am . g thpn led into a purifier. 

pl.ide present in the gas is re f d ‘ 1 d roxide or lime where the 

containing trays filled wit mo - The puri fi e d gas is collected 

under pressure into distnbut- 

in " mainS - . f Coal-Tar. Coal-tar is a thick, black 

3. Fractional Distillation o j t . extremely complex 

liquid with characteristic acid odour. It 
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rAivtnirp of neutral - basic and acidic substances. The first are chiefly 
K "ofthe aromatic series. From 5 to 10 % of the tar Com 
aists'of naphthalene, and from 1 to 15%of a mixture of benzene and 
toluene. Bade constituents, whi h are present only in small proportion 
include pyridine, quinoline and their homologues. 1 he principal acidic 

constituent of tar is phenol or carbolic acid. 

The separation of the various components of tar is effected by (t) 

fractional distillation, and (ii) chemical treatment. 

The tar received from the "as works is run into a tank, and allowed 
to stand, until the ammoniacal liquor mixed with it has separated by 

erravitv. The separation is facilitated, especially in the cold weather, 

by a steam coil laid in the tank If the ammonia, al licpior is not comp¬ 
letely removed before distillation, it would cause frothing in the still. 

The plant employed for the distillation of coal-tar is shown in Fig. 
2. The tar-still is made of iron, and has a capacity of 20 to 30 tons. 
The top consists of a cast iron dome provided with (?) a manhole, M, 
(it) an inlet pipe, P. for tar, (m) a broad, curved vapour pipe, V , (???) 
a thermometer tube, T, and (») a safety valve S. The bottom of the 
still is concave, and rises to a eonsideral le height. This ensures the 
distribution of heat into the interior of the mass of tar, and further, 
since the outlet pipe, O, is placed at the lowest point, it is also helpful 
in emptying the still at the end of the operation. The bottom is usually 
protected from direct contact with the flames by a brickwork arch, A. 
The still is provided with a steam-coil, through which superheated 
steam is blown towards the end of the operation, to facilitate the dis¬ 
tillation of the heavy oil. The still is set in a furnace so that the 
flames play under the bottom, and about half-way up the height, 
through side-flues, in the brick setting. 



Fig. 2. Fractional Distillation of Coal-tar. 

The condenser consists of an iron worm placed in a tank. The latter 
is provided with a steam pi]>c to warm the water if necessary. The 
various fractions are collected in separate receivers, the process being 
checked by occasionally noting the specific gravity of the distillate in 
a suitable outlet vessel. G. 


The tar is urn into the still while the latter is still hot from a pre¬ 
vious operation. When the charging is about one-half completed,, the 

heating is started and the fire is carefully controlled, till the cracking 

noise in the still ceases, which is an indication that the water has all 
been carried over. ..The fire can now be pushed, so that the distillat' 
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runs at the rate of 4 to 6 gallons per minute. The distillate is usually 
collected in the following four fractions :— 

(1) Light oil. which is lighter than water and distils between 80° and 
170°. 

(2) Middle Oil, or carbolic oil, which has approximately the same 
density as water, j.nd distils between 170° and 230°. 

(3) Heavy oil, or creosote oil, which is heavier than water, and distils 
between 230° and 270’. 

(4) Green >41 or anthracene oil, which is green in colour, and distils 
between 270° and 400°. 

Towards the ei d of the operation, superheated steam is admitted 
into the still to aid distillation, which is carried on until the distillate 
becomes resinous. 

The fire is now drawn, and the residue in the still, known as pitch, 
is run, while still hot 1 , into the pitch cooler — a closed tank provided 
with a manhole, the latter being closed with a loosely fitting lid, which 
while it acts as a safety valve, prevents free access of air 2 

A Isolation of Benzene, Toluene and Xylenes. Benzene, toluene 
and xylenes are isolated from the light oil, which contains, in addition 
to the aromatic hydroca: bons (neutral), appreciable quantities of basic 
substances (e.g , pyridine) and acid substances (phenols). The various 
steps of the procedure are :— 

(1) Dilute Acid Treatment. The light oil is first agitated with dilute 
sulphuric acid in a lead lined, cone-bottomed tank. The acid layer, 
after being allowed to settle, is drawn off. 

(2) Alkali Treatment. The oil, freed from the basic substances, as 
above, is next treated with sodium hydroxide solution which removes 
phenols. The alkali layer, after being allowed to settle, is run oft. 

(3) Concentrated Sulphuric Acid Treatment. The oil is now agita 
with about 5 per cent of concentrated sulphuric acid the te ^.P er ^ e 
being kept low. By this means thiophene ; and olefines arc disso • 
and more complex substances are charred. After running off / ne 

tar, the oil is washed with a little sodium hydroxide solution to remo 

sulphur dioxide, and finally washed with water. rprlistilled 

(4) Fractionation. The neutral oil thus obtained is no\ coo lor 

usin" a still (see Fig. 3) provided with a rectifying column . 

nighVon 

in the first instance. 

(1) 90 per cent benzol, up to 9*. 

(2) 50 per cent benzol, up to 125 ; 

whlTconUin, naphth alene and hea vy oil. 
access of air is penr.it.ed. the hot tar wouid catch fire. 
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lenzol" do not 


— „ . cent 

to 

ioo°C. The two fractions consist of a mixture 

cent benzol containing about 70 per cent of 


of 
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added to the second fraction from the tar still, 
xj 1. The terms “90 per cent benzol" and "50 per 
IndiSf thJ ben"ne content, but refer to the proport.on by .volume of .he 

fraction that distils up to n 
benzene and toluene, the 90 per 
benzene and 50 per cent benzol about 
46 per cent of it. 

(5) Hefractionahon. lhe JO 
per cent benzol and f'O per cent 
benzol are now submitted to sys¬ 
tematic refractionation in order 
to obtain pure benzene (b.p. 80°) 

and pure toluene (b p. 110°). 

The residue, which consists of 
xylenes and higher hydrocarbons, 
is mixed with solvent naphtha. 

The solvent naphtha consists 
of xylenes and higher members. 

It is used as a solvent for resins 
and rubber. If n* cessary, it may 
be refractionated to get the xyl¬ 
enes and higher hydrocarbons. 

5. Isolation of Phenol. Phe¬ 
nol or carbolic acid is separa'ed 
from middle oil, which consists 
mainly of naphthalene (an aroma¬ 
tic hydrocarbon ) and phenols. 

The oil is first allowed to cool. 







■ 




Fig- 3 


ot 


Plant for the Fractionation 
Light Oil. 

when most of the naphthalene crystallizes out. This is removed by 
centrifugation. 

The oily mother liquor from which naphthalene has been removed 
is agitated at a temperature of about 60° with a sufficient quantity of 
dilu»e sodium hydroxide solution, which dissolves out the phenols. The 
alt aline liqxiid, containing sodium phenates, is subjected to steam 
distillation to remove the hydrooarbon impurities, and is then treated 
with sulphurio acid or carbon dioxide to set free the phenols. The 
latter are then submitted to fractional distillation in column stills. 
Three fractions are collected. The first, collected at 180° to 183°, con¬ 
sists of crystallizable phenol, the second does not contain a sufficient 
quantity of phenol to crystallize, while the third one consists principally 
of cresols. 

QUESTIONS 

1. Describe the distillation of coal-tar. What primary products are obtained 
the process, and to what treatment are they respectively put ? 

How would you obtaiu a specimen of pure benzene from coal-tar ? 

{Punjab, Inter., 1923) 

Explain the terms, 90 per cent benzol' and ••>0 per cent benzol’. 
Describe in detail isolation of (a) toluene, and (b) phenol from coal-tar. 
Write an essay on the coal-tar Industry. 

.. Describe precisely what happens when coal-tar is subjected to fractional 
dist illation. How would you isolate benzene, toluene and phenol from the 
crude distillate in a state of approximate purity ? What impurity is usually present 
in coal-tar benzene ? How is it detected and removed ? ( Calcutta , B.Sc., 1934) 

7. Show the industrial importance, and describe the fractional distillation 
01 coal tar. How would you obtain a pure sample of benzene frqtn .it ? 

(Punjab, Inter., *944) 
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. . BENZENE 

• 

I History. Benzene. tlie parent hydrocarbon of the 

aromatic series, was first isolated by Faraday in ' 1825 from oil-gas. 
Its presence in coal-tar was discovered in 1845 bj' A. W. Hofman. 

2. Manufacture. Benzene, as already described is isolated on a 
large-scale from the liqhl-oil fraction of the coal-tar distillation by 
systematic refractionation. 

3. Laboratory Preparation. (1) A sample of pure benzene may be 
obtained in the laboratory from the commercial “i)0 per cent Denzol” 
as follows : 

(a) The commercial product is subjected to repeated fractionation 
i flask provided with an efficient column, the fraction boiling at 80° 

to 81° being collected separately. 

(b) The fraction collected at 80° to 81° is cooled by means of a 

freezing mixture, when crystals of almost pure benzene separate out, 
the impurities being, for the most part, left in the mother liquor. The 
crystals are quickly filtered, and pressed in the cold between lav*rsof 
filter paper They may be melted and the process of cooling repeated, 
if necessary 1 . . ' . ' 1 

(o) Tlie^product still contains about half a per cent of thiophene, 
a sulphur compound whose boiling and freezing points are remarkably 
near to tljose of benzene. To remove this impurity, the benzene is 
shaken for a long time with cold , concentrated sulphuric acid, which 
sulphonates and dissolves out thiophene, while benzene remains practi¬ 
cally unaffected. The treatment with sulphuric acid is continued, 
until the product ceas<s to give a blue coloration with concentrated 
sulphuric acid and a trace of isalin (indophenine reaction). It is then 
redistilled. . . . 

Expt. I. / ndophenme Reaction of Thiophene. Dissolve a crystal of tsahu m 
about *> c.c. of cold concentrated sulphuric acid. Add about the same 
commercial benzene. A deep-blue coloration (indophenine) will be prodncecl. 

Repeat the test, using benzene obtained from sodium benezoatc (i-xpi. 

See that no blue colour is developed. hv 

(2) A sample of pure benzene may be obtained in the laboratory by 
distilling benzoic acid or sodium benzoate with soda lime (compare the 
preparation of methane from sodium acetate) : 

C«H b COONa + NaO H -K\H„ + Na 2 C0 3 

Sodium benzoate Benzene 

„ Qvnthpdt Benzene may be synthesized from its elements 
through Ltv!ene( 7 >. 71). The latter hydrocarbon when heated to a 
dull red heat is partially converted into benzene .— 

1 '• ' /, , 3C„H 2 -»• C a H« 

Acetylene Benzene , 

Exp,. 3 Introduce acetylene into a bard-gla ss tub, closed at one end ued 

.TbU Is UKcrtained by distilling the product: the boiling point should regain 
constant at' ^n°. *' . 
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bent at an angle of about i2o°. the mercury in 

filled with mercury (tig i.) Mark the P d a portion 

the tube and 7“P“ Carefully with a 

of the horizontal limb. Meat ur ^ . .« tube and 

to cool ; the mercury will rise above its original le% c . 

5 Properties. Benzene is a colourless, highly 
refractive, mobile liquid of a peculiar, aromatic 
odour. It boils at 80 4°. When cooled in a frcez- 
Fig. i. Conversion j n mixture, it solidifies to a crystalline ma. . , 
of Acetylene into jTir;-4° 

a0 °r^n ^i^<^tn^et:s t rioh in carbon a, acetylene 

entirely from the .Upbatic 

hydrocarbons. The following are the chief reactions which oliaract 
benzene :— j. trcated with a mixture of concentra¬ 

ted^nitrk add and concentrated sulphuric acid, it gives mtrobenzene:- 

C„H„ J- HNO, -» C.H..N0* + H a O 

Benzene Nitrobenzene , , . , 

(2) Sulphonation. When heated with concentrated sulphuric acid, 

benzene gives benzene sulphonic acid, 

rr V n ■ TT OA AU _1 _ U (l ■ 


C c H a +h 2 so 4 ^c,h,.so 8 oh 


HoO 


Benzene sulphonic acid 

(3) Chlorination and Bromination. Action of chlorine and bromine 
on benzene is interesting, and two different classes of compounds are 
proluced according to the condition of the experiment. In the presence 
of halogen carrier ( iron, aluminium, or iodine) and in the cold subs¬ 
titution oocurs, with the production of cliloro-and bromo-benzones : — 

C 0 H 6 + Cl 2 -> C«H,Cl -t- HC1 

Chlorobenzene 

C«H 0 + Br 2 —» C*H s Br 4- HBr 

Bromobenzcne 

At higher temperatures and in the absence of a catalyser addition of 
the halogen occurs, and we get benzene hexacliloride, C 0 H 0 Cl a , and ben¬ 
zene liexabromide. C„H n Br 6 . 

(4) Friedal and Crafts* Reaction. When benzene is treated with an 
alkyl halide in the presence of anhydrous aluminium chloride, the alkyl 
group enters the benzene nucleus, and we get a benzene homologue : 

CoH 6 4- CH 3 C1 CoH 5 CH 3 4- HCl 

Benzene Toluene 


6. Detection. Besides the physical constants of the hydrocarbon, 
a characteristic test of benzene is its reaction with nickelous cyanide. 
An ammoniacal solution of this substance yields with benzene a white, 
violet-tinted, crystalline compound of the formula Ni(CN) a .NH 3 .C 0 H 6 . 

7. Uses. (1) The principal use of benzene is in the manufacture 
of nitrobenzene and other derivatives. 
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(2) It is employed as a solvent for resins, fats, etc. 

(3) It is also used for dry cleaning of woollen clothes. 

8. Ring Structure of Benzene. The molecular formula of 

benzene, as determined by combustion and molecular weight deter¬ 
mination, is C 0 Hc- The low proportion of hydrogen to carbon indi¬ 
cates that benzene, like ethylene and acetylene, should possess an 
unsaturated nature, but its properties are in direct opposition to this 
assumption. Thus, whereas unsaturated compounds readily form 
addition products with chlo»inc and bromine, arc easily attacked by 
oxidizing agents, and at once react with Baeyer’s reagent (a dilute 
alkaline solution of potassium permanganate), benzene does not possess 
these properties. It is. therefore, evident that the molecular structure 
of benzene must be entirely different from that of the open chain or 
or aliphatic hydrocarbons. From these considerations, and from the 
number of isomeric mono-and di- substitution products of benzene 
that exist, Kekule' concluded that the molecule of benzene consists of a 
symmetrical closed chain of sir carbon atoms , each of which is united with 
one atom of hydrogen as shown below :— 

CH 

HC/XCH 

HC \/CH 
CH 


The above formula accounts for only three of the four valenoiea of 
the carbon atoms. According to Kekule', each of the carbon atoms is 
linked to one of its two neighbours by a double bond as shown below : 

CH 

HC/^CH 


HCX/'CH 

CH 

For the sake of convenience, the molecule of benzene is usually 

represented by hexagon, | . It is understood that a hydrogen atom 

is present at each verted Unless replaced by a substituent Thus 
nitrobenzene, aminobenzene, and benzoic acid are repres. y 

simple formula? shown below :— 

/\N0 2 

Nitrobenzene, C 0 H 5 .N0 2 » or 

/\NH 2 

Aminobenzene, C 0 H 5 NH 2 , or \ 

/ \COOH 

Benzoic aoid, CeHs-COOH. o r 
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What is benzene ? Why is it an important compound ? Can benzene be 

" d £o£ kissTA- tfU'Ss? 

15 “ benzoate ? Draw a sketch of”the apparatus that yon will use. and wnte 

the equation tepresenrtng «£ a T“f“ the laboratory > Name the impurities present 

in the commercial product, and give methods to get nd of 'nU,.. 1925) 

4. Describe how pure benzene is obtained from coal-tar. (E*st. > 

Z Discuss brieflv the constitution of benzene (/ unjab, / nn r.. ly 4 /1 

l. By wbat.reactions is benzene distinguished from the^hydrocarbons o^ 

aliphatic series i . , .. .. J 

7 Write equations to represent the following reaction* .— 

(il Action of hot. concentrated sulphuric acid on benzene. 

<ii) Action of chlorine on cold benzene in the presence of iron filings, 
j;;!) Action of methyl chloride on benzene in the presence of anhydrous 

aluminium cliloiide. , A 

( iv) Action of heat on a dry mixture of sodium benzoate and soda- lime. 


CHAPTER 26 


ISOMERISM AND ORIENTATION OF BENZENE DERIVATIVES AND 
ORIENTATING INFLUENCE OF SUBSTITUENTS 

I. Isomerism of Benzene Derivatives. Owing to the equi¬ 
valence of six hydrogen atoms, the mono-substitution products of 
benzene exist only in one form. Thus there is only one monochloro-ben- 
zene, C 0 H.-,C1, one monobromobenzcne, 0*H s Br, and so on. 

When two or more hydrogen atoms of benzene are replaoed by subs¬ 
tituents, the relative positions of the latter are best denoted by num¬ 
bers as given below :— 1 

6/\2 

5 | | 3 

\/ 

4 


The disubstitution products of benzene occur in three form as shown 
below in the case of xylenes (dimethyl-benzenes) :— 


CH, OH* CH 3 

/\ch 3 /\ /\ 

II I I CH, || 

\/ \/ \/ 

i :2-Dimethyl benzene i:3-Dimethyl benzene CH 3 

or or/Ao-Xylene or wi£/a-Xylene 1:4-Diinetbyl- 


benzene or />ara-Xylene 

The terms ortho-, meta-, and para-, are applied to 1 : 2, 1 : 3 and 
1 : 4 compounds respectively. For the sake of brevity, they are de¬ 
noted by the letters o-, m-, 7 ?-. 

Even when the two substituents are different, the number of iso- 
morides remains three. Thus, there are three chloromethyl-benzenes, 
three chlorobromobenzenes, and so on. 

When three hydrogen atoms of the benzene nucleus are replaced, the 
case, however, is otherwise. Thus, trisubstitution produots in which 
all the substituents are identical, exist in three forms, designated as shown 
1 below :— Cl Cl Cl 


/\ 


i Cl 

id 


, /Ns Cl 


/\ 

Cll ICl 

\/ 


Symmetrical 
or x ; 3 : 5- 
T rich lorobenzene 


x/ - y 

Adjacent Unsymmetncal 

or i : 2 : 3- or i : 2 : 4- 

Trichlorobcnzcne Trichlorobcnzene . 

In case two of the three substituents are identical; as in CaHslOH)* 
Br 2 , six isomcrides afe possible; if all three be different, as in 
C 6 H s (0H)ClBr, the number of possible iosmerides becomes ten. 

The tetra-substitution products of benzene,in which all the substituents 
. ulantinai a in three isomeric forms a 8 shown below : 

X 


X 


. are identical, also exist in three isomeric 

X X 

fV X| /N ,x xf'j 

Y \/ x y 

1*2*3 ! S* t:2:4:5- 

' When five or six atoms of hydrogen are replaced by identical substituents. 
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Sec. 2) 

there is again only one compound possible. If th ® ^bstit higher . 
rent, the number of possible isomers ,» .. orien £tion- 

2 . Orientation of Benzene Derivatives of the substituents 

signifies the determination of theRelative p me thods available : 

in the benzene nucleus. There are two , 

(1) Relative Method. In this method the compo und tv 

ents in unknown positions, .B converted into anoth b compound has 

in known positions, it being assumed that the n * 

its substituents in the same relative positions xvlene is the 

Tlus, if we want to determine whether a g -> oxidation: 

ortho-, meta-, or para-compound, we may subjeo e nositions of 

the particular phthalic acid formedindicat.es the e I ^ 

the two methyl groups in the hydrocarbon, •» 

relative positions of the carboxyl groups in the p i m i 

(2) Horner’s Absolute Method. In Korncr’a absolute mothrni 
of orientation the positions of the substituents is determine! 
the aid of other compounds with substituents in known I>° o . 
The method is based on the fact that if a disubstitu ion T ,r<) ll< 
of benzene be converted into a triderivative by further rt p acorn n 
of nuclear hydrogen, the para-compound would give 0,1 ^ 11,11 

substitution product, ortho-w’ould give a mixture of t wo wh ile n im a- 

would give a mixture of three. Thus the three dibromobenzem s on 
further bromination, yield the following trisubstitution piocue * ■ 



Korner’s absolute method may also be employed for the orientation 
of the tri derivatives, as w ; ll be clcc-r from the follwing scheme : 
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The main difficulty of the method is that under the practical 
conditions some of the isomers may be produced in such small pro¬ 
portions as to make their detection impossible. If this difficulty 
does not arise, the method is ideal. 

3. Directive Influence Substituents. A substituent already 
present in the benzene ring exerts an influence on the position taken 
up by a second substituent entering the ring. There are two distinct 
types of substitution: either the ortho-compound and the para-com- 
pound predominate (orthopara-substitution) or the meta-compound 
constitutes the chief product (meta-substitution). The groups thatpossess 
the ortho-para directive influence are:— 

—Cl, —Br, —I, —OH, —NHo. —CH 3 ; 
and those that possess the meta directive influence are :— 

—NOo.—SOoOH,—CN,—CHOCOOH. CH 3 C0— 

Crum Brown and Gibson’s rule states that if the substituent, X 
already present in the nucleus forms with hydrogen a compound, 
HX, which can be directly oxidized to the corresponding hydroxy 
compond, XOH, the new entrant will take up the meta-position. Other¬ 
wise it will take up ortho- and the para-positions. 

QUESTIONS 


1. What do you understand by “position isomerism" in the aromatic series ? 
Discuss Korner’s absolute method of orientation. (Punjab, Inter., 1932 1918 ) 

2. Three isomeric chlorotoluenes are known. How would you proceed to 
determine the position of chlorine in relation to methyl group ? 

(Punjab, Inter.. 1931 ) 

3 . What is Crum Brown and Gibson’s rule for the position taken up by 

a second group when substituted in a benzene ring which has already been 
substituted > (Punjab. Inter., 1918 ; 1927 > 1928) 

4. Explain what is meant by orientating influence. What is the orientating 
influence exerted by each of the following groups when present in an aromatic 
compound ?— (a) NH. 2 (b) Oil. (c) NO, and (d) CHO ,p " n )«b' 

5. What directive influence does one substituent in a b«««e «ring ««rt 
ou a new entrant ? Hence predict, giving arguments the position that a new :subs 
tituent will take up when each one of the following groups are 

present in the benzene ring :-( a )-OH. (6)-NO„ W-HHa. I94 s\ 

if) —CH ? . 


CHAPTER 27 

HOMOLOGUES OF BENZENE 

. if. * n onTonp c The homologues of benzene are derived from 
benl^/the substitution of one or more \ 

cXT To lue- o'?'»“hyl£n»n.. C 0 H S CH„ is the simplest of the 

^"“gives rii tfcofpounds possessing very different properties 

I General Methods of formation. The general methods for 

ill P tTetal°ses la/the meThoTtas^ on"the' iZoduJon '1} an 

7 SST repSg 

“ t) * 1 ntroductimi < of an Alkyl Group into Benzene Nucleus = 
V‘A) Friedel and Crafts’ Reaction. When an aromatic hydrocarbon 
istreated until an alkyl halide in the presence of anhydrous aluminium 
chloride, one or more of the hydrogen atoms of the nucleus are 

replaced by alkyl groups : 

C 6 H 0 +CH 3 C1 A 2! 3 C a H 5 .CH 3 4-HCl 

Benzene Toluene 

AlCls 

C 6 H 6 + 2CH 3 C1 C 6 H4(CH 3 ) s +2HC1 

Xylene 

Dry benzene, or one of its homologues, together with 
about one-third its weight of anhydrous aluminium chloride, 
is placed in a well-dried round-bottom flask fitted with a 
reflux condenser, and the alkyl chloride or bromide is passed 
into the mixture, if a gas, or dropped in, if a liquid (Fig. i). 

The flask is then heated on a water-bath, until the evolu¬ 
tion of HC 1 or HBr is over. When the product is quite 
cold, water is added to it gradually, in order to dissolve 
aluminium chloride. The oily layer of hydrocarbons is sepa¬ 
rated, dried with calcium chloride, and then fractionated. 

y(2) iFittig’s Reaction* In this method a halogen 
derivative of a benzene hydrocarbon is heated 
with ai\ alkyl halide and metallic sodium in the 
presence of dry ether: e.g. 9 


C«H 5 Br + C 2 H 5 I + 2Na 

Bromo- Ethyl 

benzene iodide 


C 6 H 5 .C 2 H 5 + NaBr 

Ethyl¬ 

benzene 

-f Nal 

Substituent present 


in 


(6) Removal of a 
Benzene Nucleus : 

(1) From an Aromatic Acid.. When an aromat¬ 
ic acid, or ita sodium salt, is heated with soda-lime, 
the carboxyl group is removed and a benzene hy¬ 
drocarbon results: 



Fig. *. 
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C 6 H 4 'CH s ).C 00H + Cao->C c H 5 .CH 3 

Toluic acid Toluene 

-f CaC0 3 . 

(2) From an Aromatic Sulphonic Acid. An aromatic sulphonic acid, 
when heated strongly with concentrated hydrochloric acid in a sealed 
tube, is hydrolysed to give the corresponding hydrocarbon :— 

C rt H 4 (CH 3 ) S0 2 -0H -> C fl H 5 .CH 3 + S0 2 (0H) 2 

-f- H.OH Toluene Sulphuric acid 

Toluene sulphonic acid 

(3) From a Phenol. When the vapour of a phenol is passed over 
strongly heated zinc dust, the oxygen of the hydroxyl group is elimin¬ 
ated. with the production of a benzene hydrocarbon :— 


C 0 H 4 (CH.OOH + Zn C 6 H, CH 3 + ZnO, ‘ 

Cresol Toluene 

(4) From a Diazonium Salt. When a solution of a diazonium salt 
is heated with alkaline stannous chloride, the diazonium group is replaced 
by hydrogen, and a benzene hydrocarbon results : 

C«H 4 (CH 3 )N 2 C1 + 2H C«H s .CH 3 + N 2 4- HCl. 

Toluene-diazonium Toluene • r 

chloride ’ i . 


3. Physical Properties. The homologues of benzene are general¬ 
ly colourless, oily liquids with an aromatic, benzenelike odour. Like 
benzene, they are insoluble »n water, but soluble in all proportions in 
alcohol ether and petroleum. 

4. Chemical Properties. In their chemical behaviour, the alkyl 
derivatives of benzene possess a dual character. Firstly, they show all 
the characteristics of the benzene nucleus i.e„ they undergo nitration, 
sulphonation, halogenation, etc , forming nuclear substitution products, 
inexactly ‘he same way as benzene itself (see p. 2:13-234). Secondly, 
by virtue of the side-chain present in the molecule, they also possess 
certain aliphatic characters. Thus, tolu* nc, on treatment with chlorine, 
yields two kinds of products. When chlorine is passed into cold toluene, 
in the presence of a halogen-carrier (iron filings, aluminium powder, 
iodine, etc.), substitution occurs in the nucleus (compare benzene, p. 
234), and a mixture of p .and o-chlorotoluenes 1 produced:— 


CH 3 

/\ 


\/ 

Toluene 


Chlorination OH., 
in the presence / \ 
of a carrier | | Cl 

\/ 

o-Chlorotoluene 


and 


CHs 

/\ 


\/ 

01 

/>-Chlorotoluene 

]f, on the other hand, chlorine be pasfied into boiiin^ toluene pi-ef- 
erqbly in direct sm light, substitution occurs in the side-chain,^the 
three hydrogen atoms of methyl group being successively replaced by 
chlorine atoms (compare methane) : . _ • 


i This is in accordance with the Crum Brown-Gibson rule (Sec. '224) 


1 11 
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ch 9 

Chlorination 

at the boiling CHoCl 

chci 2 

cci 8 

/\ 

point / \ 

/\ 

- i 1 

1 1 
\/ 

-> l 1 

-> 1 1 

\/ 

\/ 


Toluene 

Benzyl 

Benzal 

Benzo tri¬ 

chloride 

chloride 

chloride 


A characteristic property of alkyl benzenes is their behaviour on 
oxidation. When treated with dilute nitric acid, chromic acid or potas¬ 
sium permanganate, the side-chain, no matter how many carbon atoms 
it contains, is oxidized to carboxyl group : e.g., 

C«H 5 CH 3 + 30 -> CeH 5 .C00H + 2H 2 0 

Toluene Benzoic acid 

C e H 6 .CH 2 .CH 3 + 60 -> C e H 5 .COOH + C0 2 + 2H 2 0. 

Ethyl benzene Benzoic acid 

If the hydrocarbon contains two or more side-chains, each one of 
these is oxidized to carboxyl ; e.g., 

C e H*(CH 3 ) 2 + 60 -* CV.H«(C00H) 2 + 2H..O. 

Xylene Phthalic acid 

The reaction may, therefore, be used to determine the number of 
side-chains present in the molecule of a benzene homologue, by finding 
the basicity of the resulting acid. It may also be employed for deter¬ 
mining the relative positions of the side-chains in the ring (compare 
Chap. 26, Sec. 1). Another use of this reaction is in coverting toluene 
(or any of its homologues) into benzene, as shown below : — 

Distil with 

O Xa 2 Oj Soda-lime 

C 6 H 5 .CH 3 -> CeH 5 .C00H-» CeHs.COONa- >C c H ti 

Toluene Benzoic acid Sodium benzoate Benzene 


5. Toluene, Methyl-benzene, or Phenylmethane, CoH 5 .CHj. 

Occurrence. Toluene is present in coal-tar. It also occurs among 
the products of destructive distillation of Tolubalsam, hence the name 
“toluene” given to it by Berzelius. 

Preparation. Toluene may be prepared in the laboratory by any 
of the general methods already described. On a commercial scale, it is 
isolated from coal-tar (Chap. 25, Sec. 4). 

Properties. Toluene, like benzene, is a colourless, highly refract- 
*ng, mobile liquid with a characteristic aromatic odour It boils at 110° 
and freezes at—98°. 

In its chemical properties, toluene resembles other alkyl benzenes 

(Sec. 4). The action of chlorine on toluene under various conditions 

has aiready been described (Sec. 4). When nitrated, toluene, yields 

chiefly the o- and p-nitrotoluenes, together with a much smaller propor¬ 
tion ot the m -compound. 


* > ^^ Ue r e . 1S * ar S e ly employed in the preparat ion of a large 

h^n^°lr rO ? u 0 der ‘ Va , t,v J es ’ e -9 > benzyl chloride, benzal chloride, 
be zotnchlonde, benzaldeliyde, benzoic acid, trinitro-toluene, (T.N.T.), 


(2) It is also employed as a solvent for phosgene and in dry cleaning. 
6. Other Homologues. There are four benzene hydrocarbons 
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having the formula C e H lo » three dimethylbenzenes or xylenes and one 
ethylbenzene. 


ch 3 

ch 3 

ch 3 

c 2 h s 

( X ,CH , 

/\ 

1 1 

/\ 

1 1 
\/ 

/\ 

1 1 
\/ 

1 

\/ 

x/ CH » . 

o-Xylene 

»i-Xylene 

ch 3 

Ethyl benzene 

(b.p. 142°) 

(b p. i 39 °) 

/>-Xylene 
fb.p. 138°) 



The first three occur in coal-tar, 7«-xylene being present in the largest 
proportion. They may be separated from the c «al-tar by the r frac¬ 
tionation of light oil ’ They may also be obtained synthetically by 
the general methods described in Sec. 2. 

CH, 


Mesitylene, 


/\ 




1 : 3: 5- or s-trimethylbenzene, is the most 


important of the C«H! 2 hydrocarbons. It occurs to a small extent in 
coal-tar, but is best obtained by distilling a mixture of acetone (2 vols ) 
concentrated sulphuric acid (2 vols.), and water (1 vol.), a little earn! 
being added to prevent frothing (for equation see page 130). 


QUESTIONS 


i Give the general methods for the preparation of homologues of benzene. Dis¬ 
cuss the action of oxidizing agents on these hydrocarbons. {Punjab, Inter., 1929) 

z Describe the physical and chemical properties of alkyl benzenes. How will 
you determine the relative position of the side-chains in a di-alkyl benzene ? 

} 3. How is toluene obtained ? Compare its properties with those <d benzenc^^ 

Write the structural formulae of three different homologues 0/ benzene. What 

,re the general chemical characteristics of aromatic hydrocarbons? 

' 5 . How would you prepay toluene from benzene and benzene tom tolnene 

0 Describe the preparation and properties of toluene. How is It 
into its commercially important derivatives ? <'’«»«*• ,nUr " ^ 




CHAPTER 28 


AROMATIC HALOGEN COMPOUNDS . 

|. General. The halogen substitution products''of the aromatic 
hydrocarbons (in common with .all other classes of aromatic derivatives) 
are divided into twogroups : (l) the derivatives which have the halogen 
atom directly linked to the carbon of the nucleus, 7 and (2) those in 
which the substituent is present in the side-chain. Benzene, since it 
contains no side-chain, forms only the derivative of the fir st kind, e.g , 
chlorobenzene, C«H r .Cl. bromobenzene C r ,H.-,Br, etc. Toluene, in 
common with other alkyl benzenes, forms derivatives of both kinds ; e.g., 

Class I : > . 

OH* OH a CH„ 

/\^, /X /X 


OH* 

r >■ 

\/ 

o-Chlorotoluene 


1 ' Cl 
\/ 

m -Chlorotoluenc 


Class IT 


CHoCl 

/X 
I I 
X/ 


C HOE 
/X 


CH , 

/X 

,1 -I ’ , 

X/ 

Cl. , 

/>-Chlorot6iuenc 

• • • * 

. CCi 3 

/X 


X/ 


X/ 

Bonzot rich lor ide 


Benzyl chlori«lc Bengal chloride • Benzotricbloride 

The two classes of derivatives differ from one another both in their 
methods of preparation and properties. The members of the. second 
group, i.e., those containing the halogen in the side-chain, are, as 
a rule, very similar to the halogen derivatives of the aliphatic hydrocar¬ 
bons. 

2. Methods of Preparation. The following general methods are 

employed for the preparation of halogen derivat ives, of aromatic hydro¬ 
carbons : " 

* • . • . • . . 

(1 ) By the direct Action of the Halogen. Aromatic chloro- and bromo- 
envatives may be obtained by the diiect chlorination or bi'omination 
o benzene and its homologues. When ehl'oriWc’br bromine is added to 
an aromatic hydroc arbon at the ordinary temperature, in the presence 
ot a halogen carrier (iron, aluminium, or iodine), ti e hyd.ogen of the 
nucleus is replaced by the halogen. Thu!* : 

/X 


■4* Br„ 


X/ 

Benzene 

CH* 

/X 


\ ^ B * -4- HBr 

X / ; 

Bromobelizcnc 

oh* .... ■ c 


X/ 

Toluene 


/\ r , 

1 ! and 

X/ 

fl-Chlorotolbelic 


]. .! 
\/ 
Cl, 


_ />-Chlorotalaene - ' > 

at it • K °^^. er the halogen is added to a homologue of benzene 

* ing point, preferably in direct sunlight , substitution occurs 
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in the side-chain. Thus, toluene with chlorine gives benzyl chloride, 
C 6 H r CH 2 CI., benzal chloride. C 0 Hi CHCl*. and benzotrichloride, 
CoH 5 CC1 3 (Sec. 4). 

The iodo-derivatives of benzene hydrocarbons cannot be obtained by 
the action of the halogen alone, because of the strongly reducing action 
of hydrogen iodide on the iododei ivative first produced. Hence, the 
hydrocarbon is heated with iodine and an oxidizing agent, such as iodio 
acid or mercuric oxide, which oxidizes the hydriodic acid to iodine, 
and thus enables the reversible reaction 

C fl H. +I,^C 0 H S I + HI 


to proceed to completion. 

(2) Sandmeyer’s Reaction. A very important general method for 

preparing aromatic halogen derivatives, containing the halogen in the 

nuclues, consists in decomposing the solution of a diazonium salt. To 
obtain a chloro- or a bromo-derivative, the solution of the dizomum 
salt is warmed with a solution of cuprous chloride in hydrochloric acid 
or a solution of cuprous bromide in hydrobromic acid ; the cuprous salt 
here simply acting as a catalvser : 

m « xr 


C„H s .N 2 C1 

Benzenc-diazonium chloride 

C 6 H 5 .N 2 C1 +HBr 

Benzene-diazonium chloride 


c.h 5 ci + n 2 

Chlorobenzene 

C 0 H s Br +N*+HC1 

Bromobenzene 


tfenzene-aiazomum tuwuuy - 

For preparing the iodo-derivatives no cuprous salt need be used as 
the catalyst ; the reaction proceeds rapidly when the solution contain¬ 
ing the diazonium salt is warmed with potassium iodide . 

C 0 H 5 N 2 C1 + K1 -* GnH 5 1 -f N 2 + KC1 . 

l‘\\ Bu the Action of PCI, on Hydroxy Derivatives. Aromatic 
chJro^erwiuvcB are sometimes obtained by treat,ng hydroxy 
compounds with phosphorus pcntachlondc . 

C 0 H- OH + PCI, - C«H,C1 + POCI 3 -f HC1 

Ph=nol Chlorobenzene 

G H CHoOH + PCI, -* C.H..CH.CI 4 - POCl 3 + HC 

Co Bcnzyi a alcoh^ Benzyl chloride 


, • oi Pmopriies The aromatic halogen derivatives are 

liquids ’or^soltds'of^eomparatiy^ly b^gh boilirrg They^are^iU 

insoluble in water, but soluble " t \" c c arbon of the ring have 

in which the halogon is linkedjl r, ^tl>_i t ^ tho haloge „ in 

the*pide-cliain^possoes an extremely irritatjne '■ the aromatic 

ring is, a^a rule, very firmly 'aq^T« 

hydroxyl or ‘he am.no group * onnno t be converted ,nto 

be replaced by »„ «-P 

( '“«rah r S^^ S' r- ‘'■-|t c ^ in ' ai in be " yl 

chloride, C.HsCH.Cl, U readily replaceable Thu^. 

GaHs-CHfiCl + KOH - OaHjCagH + K 


Benzyl chloride 
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C 6 H 5 .CH 2 C1 + NH 3 C a Hs.CH a NH 2 -f HC1 . 

Benzyl chloride Benzylainine • 

(3) Both classes of aromatic halogen derivatives resemble alkyl 
halides in forming Grignard’s reagents, when treated in dry ethereal 
solution with dry metallic magnesium; eg., 

C 6 H 5 Br + Mg C 6 H 5 .Mg. Br 
Phenyl bromide Phenyl magnesium bromide 

C 6 H 5 .CH 2 C1 + Mg —» C 6 H 5 .CH 2 Mg.Cl 

Benzyl chloride Benzyl magnesium chloride 

This fact is of great practical importanc?, for these compounds, 
like the aliphatic organo-magnesium halides, find extensive application 
in synthesizing various classes of derivatives. 

5. Distinction between Aromatic and Aliphatic Halogen Deri¬ 
vatives. The aromatic ha logen compounds having the halogen directly 
attached to the nucleus differ from their aliphatic analogues in the 
slabiliti/ of the halogen atom, Thus, chlorobenzene, C«jH ft Cl. does not 
react with aqueous alkalies, alcoholic ammonia etc. The aliphatic halo¬ 
gen compounds, on the other hand, readily react with aqueous alkalies, 
alcoholic ammonia and many other reagents, so that the halogen atom 
gets replaced by various substituents (see Sec. 5, p. 80) 

On the other hand, the aromatic halogen derivatives -containing 
the halogen in the side chain closely resemble the aliphatic halogen 
compounds. The halogen atom in these is as readily replaced by various 

substituents as in the case of alkyl halides 

/\ci. 

6. Chlorobenzene. Phenyl Chloride. 0 ft H 5 CI, or | | 


Preparation 


\/ 


Fig. i. Preparation of 
Chlorobenzene. 


ion. Chlorobenzene may be obtained by any of the 
general methods already described. It is most 
conveniently prepared by the Sandmeyer*s reac- 
" tlon (Chap! 20, Sec. 9). 

Aniline (i part ) is diazotized by means of sodium 
nitrite and concentrated hydrochloric acid (Chapter 
31). The resulting cold solution of benzene diazmium 

• Soluuon c hl or ide is gradually added from ti top-funnel hito a boiling 

solution of cuprous chloride ($ part) in concentrated 
hydrochloric acid (5 parts) contained in a round-bottom 

• flask fitted with a reflux condenser (Fig.,i). When 
the evolution of nitrogen has ceased, the Chloroben¬ 
zene is separated by steam distillatiou. washed, dried 
and distilled. 

On a commercial scale chlorobenzene is pre- 
pared by the chlorination of benzene. The reactiQn 
is carried out in an iron 1 vessel surrounded by a 
MC ‘ water-jacket for cooling. The vessel is provided 
Y with an earthenware pipe through which the 

hydrogen chloride, evolved during the reaction, 
escapes. The product' is washed with aqueous 
sodium hydroxide, dried and fractionally distilled 
separate chlorobenzene from unchanged benzene 

ration of an< * °‘ an< * P~ di chlorobenzenes formed simul- 
•enzene. taneously. . . 


vessel. 


1 Iron acts as the catalyst. The chlorine being dry', does n<it atiack the 
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Properties.- Chlorobenzene is a colourless, mobile liquid having a 
pleasant odour and boiling at 182®. It shows the typical behaviour of a 
halogen derivative substituted in the nucleus, and does not react with 
aqueous alkalies,: ammonia, silver acetate, etc. 


Uses. Chlorobenzene is used— 

(t) as a dyestuff intermediate, and 

(ii) as an insecticide 

/\Br. 

7. Bromobenzene, C ti H 5 Bi, or | | 

\/ 

Preparation. (1) Bromobenzene. may 
be prepared fiom benzene diazonium chlo¬ 
ride by the Sandmeyer’s reaction, using a 
solution of cuprous bromide in hydrobromic 
acid. 

(2) It is usually prepared by the direct 
bromination of benzene in the presence of 
metallic iron of aluminium-mercury couple 1 . 

Dry benzene (i part) and aluminium-mercury 
couple (one hundredth part) is placed in a flask 
provided with a reflux condenser, to which is atta¬ 
ched a tap-funnel and a bent tube for leading off 
hydrogen bromide into water contained in a bea¬ 
ker (see Pig. 2). Dry bromine2 (.: parts) is gra¬ 
dually dropped in from the tap-funnel. When the 
mixture has cooled, it is washed successively with 
dilute sodium hydroxide solution and water, dried 
and finally fractionated, the- fraction passing bet¬ 
ween 140° and 170° being collected separately. 

Properties. Bromobenzene closely re¬ 
sembles chlorobenzene in physical and che¬ 
mical properties. It boils at 155° 

8 Idobenzene Phenyl Iodide C«H 5 I. 



Preparation. (1) Iodobenezene may be pig. ». Bromination of 

obtained by . heating benzene with idoine Benzene. 

and iodic acid (p 244) 

■ (2) It is m-»st conveniently prepared by decomposing benzone dia¬ 

zonium sulphate with aqueo.n potassium iodide, 

c 6 h„.n ? so 4 h + Ki - g.h.i + N 2 + khso 4 . 

Benzcne-diazonium sulphate 

A It nirH is diazotized by'means of sodium nitrite and dilute sulphuric 

^?he resulting cold solution of benzene diazonium sulphate is added 
acid (p. 334)- 1 • . uon of potassium iodide (z parts), and the mixture is hcatwi 

to a concehtrated sol«M • volution of nitrogen has ceased. The liquid is submit- 
;TTo sUamtiin 'to sepniati. which I. .he washed with 

dilute sodium hydroxide, dried, and distilled. 

Properties ljicfebfcnzefie is a heavy, colourless liquid. It boils 

at 188°C- i i if',*,.; f| i - 

. hir a ilowine small rolls of alumiuium foil to stand in a strong 

*• This>is Prepared by one minute, then removing them from the 

solution of ,ner ^'7 n 9 „ tv Q 4‘ a successively with water, alcjhol and benzene, 
solution and washing th m su > cqlial volume of concentrated sulphuric 

st “"'V — V* "—i the lower layer .« 

bfenunc- 
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9. Benzyl Chloride, C«H 5 CH.Gl, or r^ CH = C1 . Benzyl 

chloride is typical example of a halogen aromatic deri /ative containing 
the halogen atom in the aide-chain. 

Preparation. Benzyl chloride may be obtained from benzyl alcohol, 
C H .CHoOH, bv treatment with phosphorus pentachloride, m l - 
always prepared by passing chlorine through boiling toluene. 

Physical Properties. It is a colourless liquid (b. p 178°) with an un¬ 
pleasant smell, and has a powerful irritating effect on the eyes and nose. 

Reactions. (1) Nitration. Like other aromatic derivatives, benzyl 
chloride cm b^ readily nitrated, and gives a mixture of isomeric 

nitro-compounds, C f> H 4 (NOn) CH 2 Cl. ... . v 

(2) Replacement of the Halogen Atom. With boiling watei, benzyl 

cliloride yields benzyl alcohol. 

C„H.,.CH.C1 + H OH —>C„H r , CH.OH +HC1, 

" Benzvl alcohol 


with alcoholic ammonia, benzylmine. 

CeHs-CHaCl + NH, —* C 0 H 5 .CH 5 .NH. + HC1. 

Benzylamine 

and with silver acetate, benzyl acetate, 

C 0 H 5 .CH 2 Cl 4- CH.,COOAg CH 3 COO CH 2 .CnH -r AgCl. 

Benzyl acetate 

(3) Oxidation. The behaviour of benzyl chloride towards oxidizing 
agents is of great practical importance. When heated with 60 per cent, 
nitric acid, it yields benzoic acid , 

C 6 H,.CH 2 C1 -1- H.OH C 6 H 5 .CH 2 OH +HC1 
2HNO, H 2 0 4 N„0 3 4- 20 
C 6 H,.CH 2 0H 4- 20 —> C„H-..COOH 4- H 2 0_ _ 
C 6 H 5 -CH 2 C 1 4 - 2HNO* -> C 6 H s .C00H 4 - N 2 0 3 + H.O 4- HC1 

Benzyl chloride Benzoic acid 

The reaotion is employed on a large scale for the manufacture of 
this acid. 

When benzyl chlori le is boiled with an aqueous solution of lead 
nitrate or cupric nitrate, benzaldehyde is obtained : 

C a H 5 .CH 2 Cl 4- H.OH->CoH 5 .CH 2 OH 4- HC1 [x2] 

Pb(N 0 3 ) 2 4 - 2 HC 1 PbCL 4- 2 HN 0 3 
2HN0 3 -> H 2 0 + N 2 0 " 3 4- 20 

_CoHs-CHoOH^ o C 6 H s .CH0 + H 2 0 [x2] 

2C«H*.CH 2 Ci +'Pb'(Nb s )a ->2C.H 5 CHO 4- PbCl 2 +N 2 0 3 + H 2 0- 

Benzaldehyde 

This reaction is employed for the preparation of benzaldehyde in the 
laboratory and on a commercial scale. 

Uses. As already mentioned, benzyl chloride is employed in the 
manufacture of benzoic acid and benzaldehyde. 


10. Banzel Chloride, or benzylidene chloride, C 6 H 5 .CHCL, <b p. 207°) 
and benzene-trichloride, C 6 H s .CCl 3 , (b. p. 213°) are both obtained by 
the prolonged action of chlorine on boiling toluene. They may' be 
separated from the mixture by fractional distillation. 
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Uses. Benzal chloride and benzotrichloride are both employed 
industrially, the former in the preparation of benzaldehyde and the 
latter in that of benzoic acid. In p r actic?» the mixture of the two 
compounds, obtained as above, is heated with milk of lime, without 
previous separation, when we get benzaldehyde and the calcium salt of 
benzoic acid : 

H.OH —HoO 

C„H,.CHC1„ C.H..CH <OHI a -> C.H.CHO 

Benzal chloride (unstable) Benzaldehyde 

HOH —HoO Ca(OH) 2 

C„H, CCl, -> CeH...O(OH) ; , C.H 5 OOOH 

Benzotrichloride (unstable) Benzoic-acid 

(C a H 5 (_/UU) 
Palrinm hpnzoate 


The reaction mixture is submitted to steam distillation, when 
benzaldehyde passes over. The residual liquid is then treated with 
hydrochloric acid to precipitate benozic aoid. 


QUESTIONS 

, Give an account of the methods used for the preparation of aromatic 
halogen compounds In what way do they differ from them aliphatic auelognes 

, Into what different groups are the aromatic halogen derivatives divided ? 

Impor'tmit^b respect Atom'S,d ^"eompSf «nUi^ tbTSogen in the 

cribe both the physical and chemical properties to rllustratethei^d ^ 

4 . How will you prepare a sample iodobenrene ! Give the chief chemical 

P, ° P , erti How art* b'elTrTchloride and beneotrichloride prepared on a commercial 
scale ? To what use are they put ? . . „ and 01=44 * 

per r SSSSS\^iSS^ 

With ^ «° da ’(^T' B^enz^r^chlorfde 6 CeH^CHCI 2 * (B) Benzoic add. C 0 H 5 COOH. 
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A ROM AT JC NITRO COMPOUNDS 

1 Nitration. As already mentioned a characteristic property 
of Somatic compounds is the 7 case with which they may be converted 

into nitro-compounds :— 

C 0 H b +HNO s C 6 H 5 .N(X +HX> 

Benzene Nitrobenzene 

The process known as nitration, is of great practical importance 
The actual details of nitration depend on the nature of the compoun 
S be nitrated and cn the number of nitro-groups to be introduced. . 

2 General Method of Nitration. (1) The most common 
method of nitrating an aromatic compound consists in treating 
wfth a mixture of concentrated nitric acid and concentrated sulphuric 
acid The latter substance terves to bind the water formed duri 
nitration, and thus prevents nitric acid from becoming too dilute. 
On the reaction being over, the product is diluted with water, when th 
nitro compound is precipitated as an oil or an insoluble solid. 

If it is desired to introduce more than one nitro-group in the com¬ 
pound. an excess of a mixture of fuming nitric and concentrated 

sulphuric acid is employed. . , ., • 

(2) A mixture of concentrated nitric acid and acetic anhydride i- 

a very energetic nitrating agent, and gives a better yield of the 
nitro-compound. Tho acetic anhydride, like sulphuric acid, serves to 

bind the water formed in the reaction. 

(3) A recent method for nitrating an aromatic compound consists 
in treating it with nitrogen dioxide in the presence of anhydrous 
aluminium chloride, the latter substance acting as a catalyst. 

3. Physical Properties. Nitro compounds are oily liquids or 
crystalline solids, and are usually yellow in colour. They are practically 
insoluble in water, but readily dissolve in alcohol, ether and other 
organic solvents. Many of them can he distilled in steam. 

4. Reaction. (1) Replacement of Nitro Group. In the mono- 
substituted derivatives, the nitro-group is firmly united to the 
benzene ring and cannot be directly replaced by other atoms or 
groups. However, in the case of polynitro derivatives, or halogen- 
substituted nitro-compounds the nitro group is more or less readily 
replaceable by other substituents. Thus, ortho-diritrobenzene, when 
boiled with aqueous potash, yields ortho-nitrophenol, 


NO. 


/\ 


NO 


| +KOH 

\/ 

o-Dinitrobenzene 


OH 

/\ 


NO 


\/ 

o-N itrophenol 


-f KNO. 


- --— A 

with aloobolic ammonia, it gives o-nitraniline :— 


NO 
/\ 
I I 


NO 


2 +2NH. 


N0 2 

/ n ,nh„ 

'I I 

\/ 

o-Nitr aniline 


-fN 2 +2H 2 0 



SYSTEMATIC ORGANIC CHEMISTRY 


[Chap. 29. 



(2) Reduction of Nitro compounds. This is the most important 
reaction of nitro-compounds, and is dicussed in the following section. 

(3) Explosive Nature of Polynitro Compounds Polynitrocompounds, 
such as trinitrobenzene, trinitrotoluene (T N T,) and trinitrophenol, 
explode violently when detonated or suddenly heated. The last two 
compounds are extensively used as explosives. 

5. Reduction of Nitro Compounds As already stated, the 
most important reaction of nitro-compounds is their behaviour on 
reduction. By carryinir out the reduction under different experimental 
conditions, a v irietv of products are obtained, as illustrated below 
in the ease of nitrobenzene. 

(1) Reduction in Acid Solution. When nitrobenzene is reduced in 
acid solution (e.y., by means of tin and hydrochloric acid), the nitro- 
group is replaced by the amino-group :— 

C 6 H 5 N0 2 +6H-* C 6 H,NH 2 +2HoO 

Nitrobenzene Atninobenzene (aniline) 

Other nitro-derivatives give rise to ihe corresponding aminoderivatives. 

(2) Reduction in Neutral Solution. Reduction of nitro-benzene in 
neutral solution (e.y., by means of aluminium-mercury couple and 
water) yields nitrosobenzene and then phenvl-hydroxylaminc : 

C„H,N0 2 +2H c 8 h,no +h 2 o 

Nitrosobenzene 


C 8 H,NO+2H c„h,.nhoh 

Phenyl-hydroxylamine 

(3) Reduction of Alkaline Solution. When nitrobenzene is reduced 
in alkaline solution, a variety of products are obtained. Thus, with 
sodium and methvl alcohol, we get azoxybenzene : 

c 0 h 5 .n->o 

2C 0 H 5 NO» -f 6H—» II +3H 2 0 

C*H 5 .N 

Azoxybenzene 

With stannous chloride and caustic potash, azobenzene is the mam 

Pr0dUCt: " C a H,.N 

2C, l H 5 'N0 2 + BH-> II +4H a O 

C 0 H, N 

Azobenzene 

Zinc and caustic soda, acting on nitrobenzene, produce hydrazo- 
benzene . q NH 

2C„h,no, + ioh-, c ; h J h 

Hydrazobeuzene 

'fhc above facts are summarized treated 

If any of the reduction products mentio c &g tbe finQ j 

with an acid reducing agent, we always g 

product. nresenoe of the nitro- 

6. Identification of Nitro eompounds^^ rh^i^cs co]our of the 

group in a compound is indicated by • { j n t he follow- 

substance, which is intensified by alkalies. The test given in 
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Sec. 6.] 

ing experiment may be employed to confirm the presence of the nitro 
gro Jp. 

Expt. I. Identification of nitro Compounds of concentr ated 

(!) Reduction to an ^’V^r'droD oVa ^iUobe'nzene, and then add 

hydrochloric acid in test-tube. -d P mixture thoroughly after 

mSSKS-E li's: sr. sms. “■» 

3aini;;f,rs'i sawss: rra?! 

Sswitasr! 

a pinch of zinc-dust. Boil, cool, and filter. w ; t h 

Test the filtrate (which contains Phenylhydroxylamin^. C a H 5 NH(OH) 
Fehling’s solution. A red ppt. of cuprous ox.de is produced. 

C 0 H.NO t 


o 


cc 


</i 11 

- 

r. 

c 
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o'-V- 

“ % •£ 


£\-V 

•S e» 
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^ ifi 
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Aniline 


• : 


>1 

i 

o c 6 h*no 

c 0 h s .n->o 

N itrosoben zene 

il 

l 

C.H..N 

Azoxvbenzene 

C 6 H 5 N<Qjj 

i 

Phenyl- 

c 0 h 5 .n 

hydroxylamine 

11 

C„H S .N 

Azobenzene 

i 

C 0 H,.Nh 

c = h s .Ah 


Hydrazobenzene 


r. 


* ' . 
V* J 


/X 

Nitrobenzene, | 

,X/ 


NO 


2 


or C 6 H !,NO.v. 
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Preparation. Nitrobenzene is prepared by heating benzene with a 
mixture of nitric and sulphuric acids :— 

C 6 H c + HN0 3 C«H 5 .N0 2 + H 2 0 

Benzene Nitrobenzene 

Expt. 2. Preparation of Nitrobenzene: To 50 c.c. of pure benzene placed in a 
half-litre, round-bottom flask, is added, in small quantities at a time, a well-cooled 
mixture of concentrated nitric acid (60 c.c) and concentrated sulphuric acid (70 c.c.) 
After each addition, the contents of the flask must be well shaken, and the flask coo¬ 
led under the tap. The temperature must, on no account, be allowed to rise above 
50°, as this would result in the formation of dinitrobenzene. When all the acid 
mixture has been added, a vertical air condenser, is attached to the flask ; which 
is then heated for about an hour by immersion in a water bath kept at 50° to 6o°, 
the flask being well shaken periodically during the heating- 

After cooling, the contents of the flask are poured into a separating funnel 
and the lower layer of arid is run off. The oily layer of nitrobenzene is washed once 
with water, then with dilute sodium carbonate solution, and finally again with water 
the lower layer of nitrobenzene being drawn off each time. 



must not be Earned out to dryness as this might lead to an explosion. 

jzssszs »”sns ss&ssi rszx sss 
tssrasti •saws* 5- -a 

is placed in the cast iron nitrating i»» Provided with lead ««*»« 
and a central shaft carrying two spiral ^‘•tflrn., if 

- - 

sirs i r :‘r t is 5 c z^f x h d e trC’ 

consisting of dUutTsulphurTc acid, is run into the air pressure egg. 


aromatic nitro compounds 
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used overagain. 

COMPRCSSEO Alp 

HNO, j I 



Fig. 2. Plant for the Manufacture of Nitrobenzene 


When the waste acid has been forced to the concentrator, the nitro¬ 
benzene is run into the egg and thence blown into the washing tank. 
Hence it is mixed with an equal volume of water (oontaining a little 
sodium hydroxide to nextralize any free acid present) , and the mixture 
is well agitated by means of a jet of compressed air. The contents of 
the washing tank are allowed to settle for several hours. The nitroben¬ 
zene, which now forms the lower layer, is run into the egg, and 
thence blown into storage tanks. 

Properties. Nitrobenzene is a pale yellow oil of sp. gr. 1*2 at 20°, 
and has a strong odour like that of bitter almonds. It is insoluble in 
water, but readily dissolves in organic solvents. It boils at 208°, and 
is volatile in steam. 

When treated with tin and hydrochloric acid (or iron and water in 
the presence of a little hydrochloric acid ) nitrobenzene is reduoed to 
-amino benzene or aniline, C 0 H 5 NH 2 :— 


C 6 H 5 NOo + 6H -> C 6 H 5 NH 2 + 2H 2 0 

This reaction is of great commercial importance, since aniline is the 
starting material in the manufacture of dyes. 

The various products obtained by the reduction of nitrobenzene 
under different conditions are given on pp. 250, 251. All these 
substances, when subjected to further reduction by means of tin and 
hydrochloric acid, yield aniline as the final product. 

Uses. (1) The chief use of nitrobenzene is in the manufacture of 
aniline. 
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(2) It is also employed, under the name of oil of mirbane, in seem 
ting cheap soaps, boot polishes, etc., where a disagreeable odour has to 
be covered. 

N0 2 

8. mDinitrobenzene, /\ n u NO„ (1) 

Ol v rt H 4 < \ta" (Q\ 


I NO. 


NO* (3) 


\/ 


Preparation. m-Dinitrobenzene is prepared by the further nitration, 
of nitrobenzene :— 

NO, NO c 

/ \ \ ± HO 

I I + HNO u -» I I no ' 

\/ \/ 3 

Nitrobenzene m -Dinitrobenzene 

Nitrobenzene (1 part) is added gradually to a mixture of concentrated 
nitric acid (H parts) and concentrated sulphuric acid (3 parts). The 
reaction mixture is then heated on a sand-bath, until a drop of the 
oily liquid when stirred with cold water solidifies completely. It is then 
poured, while still hot, intD a largo quantity of cold water. The solid 
m-dinitrobenzene that separates out is filtered, washed with cold water, 
and crystallized from hot alcohol. 

Properties. m-Dinitrobsnzene forms pale-yellow crystals (m. p. 90°) 
When reduced with alcoholic ammonium sulphide, it is first converted 
into m-nilraniline, 

N0 2 no 2 

0NO, + 3H ^ Qnh 2 +2H 2 0 +38, 

991 -Nit rani line 

and then into m-phenylenediamiDe (m-diaminobenzene), 

N0 2 nh 2 

0HH, +:iH = S - (/ NH = + 2H ‘° + 3S ' 

iii -Phcny lenediamine 

Uses. m-Dinitrobenzene is employed for the preparation of w-nilrani- 
line and m-phenylenediamine, both of which find application in the d) e 
industry. It also enters into the composition of certain explosives. 

9. Nitrotoluenes. There exist three mononitrotoluenes, ortho-, 
meta and para. 

,CH 3 

This substance is obtainted, together 


O-Nitrotoluene. | 

with para compound, by the nitration of totulene and is 

mibmittwl; 

to oxidation, o-nitrotoluene yields o-nitobenzaldehyde. ... 

Use. o-Nitotoluene is largely used in the manufacture o o- o n n g 
(*•«. ortho-a.m : notoluene). 
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CH 


m .Nitroto»uene, | /X | n02 . - P' e P ftre<i from 

through the following seties of reactions : 

OH. CH 3 


CH, OH; 

Acetylation /\ Nitration! /\ 

- X I | —> I 

NO* 

NH.COCH* NH.COCH 


1 I 
\/ 
nh 2 

p-Toluidiue 


CH. 


NH.COCrl 3 «n.woi»a 

fc-Acetotoluidide m-Nitro-p-acetotoluididc 

• n«r 


CH 3 

Hydrolysis / \ * Diazotize in presence / \ 

/ .1 o{ alcohol* j J NQ 


m w 

\/ 

NH 2 

hi-N it ro-/>-toluidine 

It melts at 16° and l.oils 


m-Nitrotoluene 


_ a. O'JAO 


^-Nitrotoluene. CH 3 / ^N0 2 , is obtained, along with the orto 

compound by the nitration of toluene. It melts at 53® and boils at 
230°. It is used in the manufacture of p-toluidine and as an mtei- 
mediate in the manufacture of the dye called Direct Yellow. 

2:4:6-Trmitroluene (T N.T. is an important explosive, and is prepared 
in two steps : The mixture of monomtrotoluenes (M.N.T.), produced 
in the first operation, is subjected to further nit ration by means of a 
mixture of concentrated nitric acid and turning sulphuric acid, when 
trinitrotoluene is obtained. It is a pale yellow, crystalline solid melting 

at 80 8°. , . . 4 , 

Trinitrotoluene mixed with 4 times its weight of ammonium nitrate 

is much used as an explosive under the name “amatol. 


QUESTIONS 

i. Describe the various methods that are used iu the preparation ot uitro-deri- 
vatives of aromatic confounds. Give instances of compounds in which the mtro- 

group may be replaced by other substituents. . 

i. (a) State the general methods used for the nitration of aromatic compounds. 

(b) Indicate what happens when nitrobenzene is reduced in (i) Acid solution, 
(ii) neutral solution, (iii) alkaline solution. (Punjab, Inter., 1940) 

3. How will you pioceed to find the presence of a uitro group in a given arom¬ 
atic substance ? Give practcal details. . 

4. State briefly but exactly the experiment you would perforin in the laboratory 
to piepare a pure specimen of nitrobenzene. What is this compound used for ? 

[Punjab, Inter., J9J2) 

3. How is nitrobenzene piepared on a commercial scale ? Draw a neat sketch 
of the plant employed, and describe the procedure in detail 

6. Describe the preparation, chief properties and uses of m-dinitrobenzene. 

1 In this reaction the nitro group enters the or/Ao-position to the substituted 
amino group, the para position being already occupied by the methyl group, 

2 The diazoniuni compound first produced is reduced by alcohol, the diarouium 

group being thereby replaced by hydrogen. • 


I 


CHAPTER 30 


AROMATIC AMINO COMPOUNDS 


l. The true aromatic amino-compounds contain the—NH 2 group in 

direct union with the benzene nucleus, e.g., amino-benzene. C«H,NH« 

OH * 

amino-toluenes, (\.H 4 <^j^ 3 , etc. When the amino group is present 

in the side-ohain, the compound is termed an aromatic amine, e.g., 
benzylamine, C,-.H.CH 2 .NH.J. The former class differ in some import¬ 
ant respects from primary aliphatic amines, while the latter class 
resemble the aliphatica amines closely. 


In addition to the above two classes of compounds, there exist purely 
aromatic, and mixed aliphatic-aromatic, secondary and tertiary amines 

<>g-, 

Diphenylainine, (CoHOaNH 
Triphenylamine, (C 0 H $ ) 3 N 
Met by la ni line, C«H* .NH.CH 3 
Dime thjdaniline. C«H r ,.N(CH 3 ) 2 - 

2. Primary Amino-Compounds. This is the most important 
group of the aromatic amino compounds. The members of this group 
contain an—NH 2 group in direct union with the benzene nucleus. 

General Methods of Formation :— 

(I) From Nitro-compounds. The aromatic amino compounds are 
almost exclusively obtained by the reduction of the corresponding nitro¬ 
compounds : — 

C ( .,H,N0 2 + OH C„H 5 NH 2 +2H 2 0. 

Nitiobenzene Aminobenzene 


The reduction is effected by various means, such as by the use of tin 
and hydrochloric acid, stannous chloride and hydrochloric acid, iron 
and hydrochloric acid, alcoholic ammonium sulphide, alcoholio stannous 
chloride, or electrolytically. 

(2) From Phenols. Aromatic amino compounds can also be obtained 
from phenols by heating the latter at 300° with the double compound 
of zinc chloride and ammonia, ZnCl*-NH 3 ; e.<7» 


C n H,OH 4- NH 3 -> C„H s NH 2 4- H 2 0- 

Phenol Aniline 

(3) From carboxylic Acid. The carboxyl group of a carboxylic acid 
mav be replaced by an— NHo group by heating the ammonium salt ot 
the acid and submitting the resulting acid amide to Hofmann s broma- 

inide reaction (/>. 152). 

C„H,.COOH CoH 5 .CO.NH 2 -► C fl H NH, 

Benzoic acid Benzamide Aniline 

Physical Properties. The primary amino-compounds are colourless 

liquids 7 or solids. They are sparingly soluble in water, are ™ Iat,b ‘ 
m steam, and can be distilled without decomposition under the 

atmospheric pressure. 

Reaction. Owing to the electronegative oharaoter of tho bc "*° nc 
nucleus, these compounds possess only a weak ba3,0 Ciar 1 ^ i 
They resemble aliphatic amines in their behaviour towards alk> 1 
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halides, acid chlorides, and chloroform (see p. 169). They differ from 

them in the following respects:— . 

(1) When treated with nitrous acid in the cold, they give aiazo- 

com pounds. 

(2) They possess the typical aromatic character and the hydrogen 
of the nucleus can be more readily replaced than in benzene itself. 

(3) They are also far susceptible to oxidation than the aromatic 
hydrocarbons. The above reactions are described in detail under 
aniline. 

/ \jjii 

3. Aniline. | H 2 or C.H..NH,. 

\/ 

Aniline, am inn-benzene phenylamine, is the most important represen¬ 
tative of the aromatic amino-compounds containing the—NH 2 group in 
direct union with the benzene nucleus. The name aniline is derived 
from the Portuguese word anil meaning indigo; the compounds being 
first obtained by the distillation of this substance. 

Preparation. Aniline is prepared in the laboratory by the reduc¬ 
tion of nitrobenz-ne bv- means of tin and hydrochloric acid :— 

0,H,.N0 2 + 6H-^C„H,.NHo-f2H 2 0 

Nitrobenzene Aniline 

Expt. I. Preparation of Aniline. Nitrobenzene (40 gin.) granulated tin (80 
gin.) are placed in a 2-litre, round-bottom flask, fitted with a long air-condens- 
ser. 200 cc of concentrated hydrochloric acid are gradually added (about 10 
c.c. at a time) through the top of the condenser. The flask is shaken well 
after each addition ; if the liquid begins to boil, the flask must be cooled under 
the tap to avoid loss of nitrobenzene and aniline. Towards the end, the reaction 
becomes comparatively slow ; the remaining acid may then be added 
more quickly. To ensure the complete reduction of nitrobenzene, the flask is 
heated on a water-bath, until all the oily drops of nitrobenzene and its odour 
have disappeared. 

To liberate the base from the solution containing the stannichloride, (C«H 5 NH 3 )o 
[SnCl 0 ], a solution of caustic soda (160 gm. in 230 c.c. of water) is graduallv 
added. If during the addition of caustic soda the liquid begins to boil, it 
must be cooled under the tap. The addition of sodium hydroxide is continued, until 
the stannic hydroxide, first precipitated, gets completely redissolved, and the 
mixture shows a strongly alkaline reaction. 

The aniline separates out during the above process as a dark oil, and is 
recovered from the mixture by steam-distillation (p.12. Sec. 8), the distillation being 
continued until the liquid that passes over is no longer milky, but perfectly clear 
The distillate consists of two layers : (i) a lower, oily layer of aniline, and 
(ti) an upper, aqueous layer containing aniline in solution and in suspension, 
lhe whole of it is saturated with common salt, and then extracted thrice with ether 
i 2 *? separating funnel, using about 50 c.c, for each extraction. The ethereal solution 
is dehydrated by allowing it to stand over solid KOH •. The clear liquid is decanted 
a ktjUation flask - and the ether is distilled off. The res.dual aniline is now 
U ct ° ff usmg au a »r condenser, and the fraction boilin<» at 180° to 185° is 


Manufacture. Aniline is manufactured by the reduction of nit¬ 
robenzene by means of iron and water, in the presence of a little 

hydrochloric acid—one-fortieth of the theoretical amount required 
by the equation: . . 


C„H. NO,+3Fe+ 6HC1-*C 0 H 5 NH 2+ 3FeCl,+2H.O. 

The reaotion is explained by a ssuming that the acid present dissolves 

as it 1 ^ i rthnmmonfa. nn0t USed ' " “ fonnS “ lid with amines just 
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some of the iron to form ferrous chloride. This gets hydrolysed, setting 
free the acid once again, which, in turn, dissolves'more iron, and so 
on, the iron being ultimately converted into ferrous hydroxide. So, 
the nascent hydrogen required for the reduction is derived from the 
action of iron on water, under the catalytic effect of ferrous chloride. 

Fe+2HCl->FeCU+2H r x3 

FeCL,+2H OH^FefOHh-^HCl f x3 

C B H ."NO, 4-6 H —> C r> H ,j N H 2 +2 H o 0 
C 6 H 5 N0 2 +3Fe-h4H,0->C 6 H 5 NH 2 +3Fe(0H) 2 

50 parts of nitrobenzene and So parts of water are placed in a cast-iron 

vessel. V. having a bricklinine, B. and 
provided with a mechanical ~ stirrer, S 
and a reflux condenser, C, (Fig. 1). The 
mixture is heated to boiling by blowing in 
steam, 2 parts of hydrochloric acid are now 
added.steam is shut off, and 55 parts of finely 
ground cast-iron are gradually added for 
about S hours. A vigorous reaction sets in 
with evolution of large quantities of heat, 
which keep the mixture boiling actively 
throughout the time the iron is added. 

When all the iron has been added, the 
deating is continued by steam until the 
histillate returning from the reflux condenser 
is no longer yellow (absence of nitrobenzene) 
but prefcctly colourless. Some milk of lime 
s now added to decompose any aniline hydro- 
Ichloride produced, and aniline is distilled off 
. in steam and collected in the receiver R. 
Fig. 1. Diagrammatic Sketch of Aniline, wich forms the lower layer, is drawn 
Plant for the Manufacturer Q ff f rom time to time. It is then dehydrated 

of Aniline. by means G f solid KOH. and purified by 

TedistiUation. The aqueos liquid left in the receiver contains about 3 per cent of 
dissolved aniline, and is returned to the steam boiler and used for a subsequent 

aniline distillation. ... . . _ 

Physical Properties When prepared fresh, aniline is a colourless, 

strongly refractive, oily liquid. It bd^ at 184 ° is slightly soluble in 

water!‘and, on exposure to light and air, it gradually turns yellow, 

becoming ultimately black. ...... 

Reactions. The reactions of aniline may be divided into two groups. 

(1) Reactions of the— NH, Group 

(i) Aniline is a basic substance, and combines w.th acids to form 
Blits such as aniline hydrochloride, C 0 H 5 .NH 2 .HC1, or (C„H 5 NH 3 )C^ 
However the electronegative nature of the benzene ring renders aniline 
even a weaker base than ammonia, being neutral towards htinus 
^contrast aliphatic amines, which are much stronger bases than 

ammoma) Like aliplmtic amines aniline reacts "dth alkyl 

i liVlPK vieldiiw alkyl derivatives, such as methylamlinz C„H 5 .NH(CH 3 b 
halides, > r.. u TST/rH ) and also quaternary ammonium 

and 'Un.dhylan.hne C.H,. 1 “^"itrimethyl-ammoninm iodide, 

compounds, suen “ 1 

[C Aniline is also acted on by acid chlorides, yielding 
1 r Thus with acetyl chloride in forms acetanilide, a 

mlb^ted ?n ease?of f^ver for .owering the body temperature. 
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C„H 5 .NH 2 + CH 3 COCI 


-> C 0 H,.NH.CO.CH 3 + HC1 

Acetanilide 

(ir) Carbylamine Reaction. When treated with chloroform and 
alcoholic potash, aniline gives phenyl isocyanide, which possesses a 
highly obnoxious odour. 

° 'C..H.NH., + CHClj + 3KOH —> C 0 H-.NC + 3KC1 + 3H 2 0 
(t>) Diazo Reaction. The most important reaction of aniline, and 

other aromatic amino compounds containing the—NHo ^roup in direct 

union with the benzene ring, which distinguishes such compounds from 
aliphatic primary amines, is that when treated with nitrous acid in the 
cold , they form diazonium compounds which are of great practical 

importance; e. g., 

C fi H.NHj + HNO a -f HC1 C„H 3 .N 2 C1 f 2H,0. 

Aniline Benzene 

chloride 


If the reaction mixture be warmed, the diazonium compound is hydro¬ 
lysed with the evolution of nitrogen and the production of a phenol:— 

C„H,NoCl + H.OH C rt H,OH + HC1 + N 2 

Phenol 

(2) Reactions of Benzene Nucleus. The substitution of the 
amino-group for hydrogen of the nucleus makes the remaining hydrogen 
atoms readily replaceable by substituents. Thus, while benzene is 
only slowly attacked by bromine at the ordinary temperature, aniline 
is converted by bromine water into s-lribromoaniline, C„H 2 Br 3 (NH 2 ) • 
A'jain, while benzene does not react with iodine except in the presence 
of oxidizing agents, aniline readily yields mono-iodoaniline, 0 r .H 4 I(NH 2 )- 
Similarly nitric acid attacks aniline, giving r/i-and iri-nilravilines, the 
reaction proceeding so vigorously that it is not possible to prepare mo- 
nonitraniline except by previously “ protecting ” the amino group by 
acetvlation :— 

• , • NHo NH.CO.CH 3 NH CO.CH 3 

/ \ CH3COCI /\ hxo 3 /\ 


\/ \/ \/ 

NO, 

Aniline Acetanilide />-Nitro-acetanilide 

The product, on being hydrolysed, yields p-nitraniline, C„H 4 
_ ' \ iN 0:I V*) 

In the same manner we can prepare p-chloro-and p-bromo-anilines. 


Expt. 2 . Tests of Aniline :— 

1. Carbylamine Reaction. Take a drop each of aniline and chloroform in a test 
tube. Add a few drops of alcoholic potash, and warm the mixture. A disgusting 
odour of phenyl isoevanide is evolved. 

2. Diazo Reaction. If to some well-cooled solution of aniline in dilute hydro¬ 
chloric acid we add gradually a solution of sodium nitrite, we get a solution of 
phenyl-diozonium chloride. On warming a portion of this solution, nitrogen will be 
evolved and the liquid will develop the characteristic odour of carbolic acid. If 
to a second portion of the diazotized solution a few drops of an alkaline solution of 
p-naphthol be added, a scarlet red piecipitate will be formed. 

3. Bromination. If bromine water be added to an aqueous solution of aniline 
we get pinkish precipitate of tribromo-aniline, which turns grey green. 

4 * Hypochlorite Test. If a solution of sodium hvpochlorite (or of bleaching 
powder) be added to an aqueous solution of aniline, a transient purple- violet 
coloration is developed. 

5 - Formation of A nilinc-black . If a few drops of potassium dichromate solution 
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be added to a solution of aniline in dilute sulphuric acid, a deep-J)lue or black colour 
is produced, owing to the formation of ••auiliue-black”. 

Uses. Aniline is one of the compounds having greatest practical 
importance, It is used in the manufacture of dyes and a very large 
number of benzene derivatives. 

4 Comparison between Aniline and Methylamine. These two 

compounds resemble one another in the following points :— 

1. Both are basic in nature, and form salts with acids. 

2. When treated with alkyl halides, they give alkvl derivatives. 

3. With aicd chlorides, they yield substituted amides. 

4 . They both give carbylamine reaction. 

Aniline differs from methylamine in the following points : 

1 It cannot be prepared by the action of ammonia on chlorobenzene. 

2. It is comparatively insoluble in water. 

3. It is a much weaker base, and has no effect, on litmus. Nor does 
it precipitate the hydroxide of heavy metals from solutions of their salts. 

4 . It reacts with nitrous acid in the cold, yielding a diazonium salt. 

Metlivlamine gives methyl alcohol and nitrogen. 

5. It reacts with bromine, nitric acid, etc., giving products in 
which the hydrogen ot the benzene nucleus is replaced (see p. 259). 

6 . It gives a purple-violet colour with aqueous sodium hypochlorite. 

Methylamine does not give this reaction. ... 

7. When treated with aqueous potassium dichromate and dilute 
sulphuric acid it gives a deep-blue or black colour. Methylamine does 
not give this test. 

Aniline Hydrochloride, or Anilinium Chloride, (C 6 H 5 NH 3 )C1 This 
is a colourless, crystalline salt, so soluble in water that it is not easily 
precipitated by excess acid. It is readily isolated by passing dry HC1 
gas into a solution of aniline in ether, th* separa 

owing to the insolubility of the salt in this solvent. The salt has a sharp 
melting point (198 3 ), and is distillable (b.p., 245 )• 

acetic acid :— 

C H NH H +HOCO.CH 3 -» C 0 H 5 NH.CO.CH 3 + H,0. 

- . * aniline and glacial acetic acid, together 

A mixture of equal weights of P“ r * “ tly boiled for about an hour in a 

with about 3% of anhydrous zinc diionde is g n ? ixture . while still hot is poured 

flask fitted with a reflux c « nde ”* r and th^ precipitated acetanilide is filtered, and 
into a large quantity of cold water, and tne p F water, a little animal char- 

"■ g inIt - spar- 

hydrolyse ac—;; 


Sec. 6,7,8.] 


AROMATIC AMINO COMPOUNDS 


261 


N0 2 

/\ 


6. m-Nitraniline, 


\/ 


NH 


This compound is prepared by 


2 * 


the partial reduction of Tn-dmitrobenzene by means °f atnmonmm 
sulphide It is an orange coloured, crystalline solid, melting at U4 . 

It is sparingly soluble in water, but readily dissolves in alcohoh When 
reduced with tin and hydrochloric acid, m-nitramlme gives ™-phenylene 

diamine, C 0 H 5 < nH* (3) 

7 Benzylamine, C.H.CH.NH,. Benzylamine is an example of a 
compound containing th« amino-group in the side-chain and closely 
resembles aliphatic amines in its modes of preparation and properties. 

Thus it may be obtained :— 

(i\ bv the action of ammonia on benzyl chloride, 

C 0 H-, CH.Cl + NH* C 6 H r CH 3 .NH 2 4- HC1, 

(itl bv the reduction of phenyl cyanide, 

y C fl H 5 CN 4- 4H —» C c H, CHo-NHj. 

(Hi) from phenylacetamide, by the bromamide reaction, 

1 Brz 4- KOH 

c 0 h 5 ch 2 co.nho-> c 6 h 5 .ch 2 .nh 2 . 

Properties. Benzylamine is a colourless, pleasant smelling liquid. 
It readily dissolves in water yielding a strongly alkaline solution. 

It forms salts with acids, gives carbylamine reaction, and when treat¬ 
ed with nitrous acid, it gives benzyl alcohol and not a diazo compound. 

8. Methylaniline, C 0 H 5 .NH.CH 3 . This is an example of a mixed 

aliphatic-aromatic secondary amine. 

Preparation. Methylaniline is obtained frcin pure aniline in the 

following steps :— 

Glacial 

acetic acid Na 

C„H 5 NH 2 C 6 H 5 .NH.C0CH 3 -> C fl H,.NNa.COCH 3 

Aniline Acetanilide Sodio-acetanilide 

CHgl KOH(Aq) 

-* C 6 H 5 .N(CH 3 ).COCH 3 -> C fl Hj.NH.CH., 

Methyl acetanilide Methylaniline 

Properties. (1) Methylaniline is a colourless liquid (b. p. 193°), 
It is a stronger base than aniline, and readily combines with acids, 
forming salts. 

(2) Being a secondary amine, it reacts with nitrous acid yielding 
methyl-pfienyl-nitrosamine. C a H 5 .N(NO).CH 3 , a yellow oily liquid, which 
gives Liebermann’s nitroso-reaction (p. 171). 

(3) When methylaniline hydrochloride is heated to 3C0°in an autoolave, 
the alkyl group migrates from the side-chain to the nucleus, a mixture 
of the hydrochlorides of ortho- and paratoluidincs being produced :— 


NHCH S (HC1) 

/\ Heat 

I I -> 

\/ [Isomerization 

Methy lanilin e 
hydrochloride 


NH a (HCl) 

/\ rii 

I I CHs 

o-Toluidine 

hydrochloride 


NH 9 (HC1) 

/\ 

and | j 

\/ 

ch 3 

p-Toluidine 

hydrochloride 
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9. Dimethylaniline, C, ; H..N(CH 3 )„. 

Preparation. This compound is prepared on a large scalo by heating 
aniline hydrochloride with an excess of methyl alcohol in an autoclave 
(methylation) :— 

C, ; H -.Nil o HC1 -j- 2CH 3 0H -»C„ H - .N(CH 3 ) 3 HC1 + 2 H 2 0 

Aniline Dimethylaniline 

hydrochloride hydrochloride 


The product is treated with milk of lime to set free the base, which is 
then separated by distillation in steam. 

Properties. (1) Dimethylaniline is an oily liquid of a peculiar odour. 
It boils at nearly the same temperature (192°) as methylaniline. 

(2) It is even a stronger base than methylaniline. 

(3) Like other tertiary amines, dimetlndaniline combines with alkyl 
halides yielding quaternary ammonium salts. 

(4) Dimethylaniline differs from aliphatic tertiary amines and from 
purely aromatic tertiary amines, e.g , triphenylamine, (C B H S ) S N, in being 
able to react with nitrous acid, yielding intensely green p-nitrosodi- 
methylaniline. In this reaction the para hydrogen atom of dimethylani- 
line is replaced by the nitroso-group, NO :— 

(CD 3 ).,n/ >h+hono -* (ch 3 ),n< ^no+h 2 o 

Dimethylaniline Nitrous />-Nitroso- 

acid dimethylaniline 

Use. Dimethylaniline is extensively employed in the manufacture 
of dyes. 

10. Distinction between Primary, Secondary, and Tertiary 
Amines. In this chapter we have studied four different aromatic 

amines; namely— 


(1) Aniline, which is a primary amine having the—NH 2 

group directly linked to the benzene nucleus. 

, (2) Benzylaniline, | 7 CH = NH », which is also a primary amine, 
but has the —NH 2 group in the side-chain. 

(3) Methylaniline . Q NH CH3 ' is » ’“ ixed 

secondary amine. 

.(4) Dimethylaniline , \^\ N ' CH ’ V which is a mixed alphyl-aryl 
tertiary amine. 

The distinctive reactions of the above four cIa «ses of 
those of the purely aliphatic primary, secondary and t <7 
■(compare Sec. 1 6, p. 171) are summarized in the table on page - • 



Distinction between Primary, Secondary and Tertiary Amines 


Sec. 10 .] 
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SYSTEMATIC ORGANIC CHEMISTRY 

QUESTIONS 


[Chap. 30* 


1. Give a description with full practical details of a method of preparing 

aniline from benzene, and describe how you would prepare from it any derivative 
yon may choose ? (Punjab, Inter., 1914) 

2. Describe the commercial preparation and purification of aniline. Give its 

tests and uses. ( Punjab , Inter., 1940) 

3. Describe the separate action of chlorine, nitric acid, sulphuric acid, and 

nitrous acid upon aniline. (Punjab, B. Sc., 1924) 

4- How would yon prepare a specimen of acetanilide in the laboratory ? 

(Punjab. B.Sc.. 1922) 

5. A colourless crystalline solid was found to contain C=7i i%, H 6-7% 
N=io-4%. On boiling the substance with concentrated hydrochloric acid and 
adding an excess of KOH, au oily liquid was obtained, which gave a violet coloration 
with a solution of sodium hypochlorite. What was the original substance ? 

[A ns. Acetanilide, C 8 H 5 .NH COCH 3 . ] 

6. How will you convert aniliuc into (a) p.toluidine (b) />-nitraniline, and 
(c) />-nitroso-dimethylaniline ? 

7. What products can be obtained by the action of the methyl iodide on 
aniline ? State the action of nitrous acid on each, and show by formulae the 
changes which occur when their hydrochlorides are heated under pressure. 

I Panjab. B. Sc., 1933) 

8. How is methylauiline prepared from aniline ? Give its chief chemical pro¬ 
perties. How yould you distinguish between aniline and methylaniline ? 

9. How is methylaniline prepared on a commercial scale ? To what use is it 
put ? Describe the reaction which differentiate dimethylaniline from (a) tnphen- 

ylamine and ( b ) triinethylamine. ... 1 

10. Give in a tabular form the chief reactions in which primary, secondary 
and tertiary amines (aliphatic and aromatic) differ from and resemble each other. 


CHAPTER 31 

DIAZONIUM SALTS 

«. Diazo-reaction . w[t°h 

matic amino-compound, containing w U-cooled acqu.ous solution 

the carbon of the nucleus. >s that when a w U coolea a <1 ^ „ u 

of one of Us salts is treated with nitrous acid, a 

produced. 

fC H NH,1 Cl + HN0 o->[C 6 H 5 .«N]Cl + 2H,0 

,;V T “ Benzene diazonium 

of an 

The above reac ion, called diazo-reaction, or “ lazo ^ ^ the 

a number of -ar^rea,^ 

pound in absolute alcohol with amyl-n.tr.te* f n d “ ™ lne ^e of water 
reaction being carried out. so far as possible, m the absence ol waier 

Thus, to prepare benzene diazonium sulphate the following procedure 

ad ° A P n ui : ( ,l oartt is dissolved in absolute alcohol (i part). and concentrated 

funnel On allowing the reaction mixture to stand for about ij > min . cry 
of benzene diazonium sulplmte separate out. They may be washed with alcohol 

and ether and dried in air at the ordinary temperature, Wdrn. 

Crystals of the chloride may be obtained in a similar manner, hydro 

gen chloride being used instead of sulphuric acid The nitrate : is best 

obtained by passing nitrogen trioxile (generated by heating nitric acid 
with arsenious oxide) into a solution of aniline in dilute nitric acid. 
On adding alcohol and ether, crystals of tbe nitrate separate out. 

(2) Preparation of a Solution of a Diazonium Salt Since the diazo¬ 
nium salt in the dry state are very explosive, and since most of 
reactions that they undergo readily take place in aqueous solution, 
they are almost invariably prepared in aqueous solution The amino 
compound is dissolved in an excess of a mixture of equal volumes of 
concentrated hydroohlorio acid and water, and the mixture 
is well-cooled by means of ice. A well-cooled aqueous solution 
of sodium nitritn is gradually run in from a dropping funnel, the 
end of which dips under the solution to be diazotized*. Throughout the 
addition the mixture is well stirred, and the temperature not allowed 
to ri«e. The addition of sodium nitrite is continued, until a drop of the 

1 Johann Peter Griess (1829-1888) was a German chemist employed in an 
English brewery. He carried out his researches in his spare time, and is well 
known for his work on the diazo compounds. 

2 Amyl nitrite is here used instead of sodium nitrite because of its solubility 
in alcohol. 

» The salt is violently explosive, and it is not advisable to prepare more than 
half a gram in the dry state. 

* The process of the conversion of an amino-compound into a diazonium salt is 
known as diazotizaiion • 
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reaction mixture gives an immediate blue colour when placed upon starch- 
potassium-iodide paper showing the presence of free nitrous acid. 

3. Physical Properties. Diazonium salts are colourless crystalline 
substances, very readily soluble in water, less soluble in alcohol. 
When in the dry state, they explode violentty on being heated or 
struck. They are true salts in all respects, and the conductivities 
of their acpieous solutions are comparable to those of the ammonium 
salts . 1 

4. Reactions. The reactions of the diazonium salts may be 
divided into two groups :— 

(.4) Replacement of the diazo group,—N 2 X, by simple groups 
or atoms. By treating the solutions of diazonium salts with different 
reagents the diazo group is readily replaced by other substituents, 
nitrogen being set free in gaseous stale. The following of these substitution 
reactions are the more important :— 

(1) Replacement by Hydrogen. When the solution of a diazonium 
salt is warmed with an alkaline solution of stannous chloride, the 
diazo group gets replaced by a hydrogen atom, and an aromatic 
hydrocarbon is produced :— 

_C 0 H,.NoCl +2H-> C 0 H f( +N 2 +HC1 

Benzene diazonium Benzene 

chloride . . , , , , it 

When a dry diazonium salt is heated with alcohol, there occurs, 

in addition to the formation of an ether (reaction 2 ). a replacement 
of the—N 2 X group by hydrogen with production of an aromatic 
hydrocarbon, the alcohol being oxidized to acetaldehyde. 

C„ H 5 N 3 C1 + CH 3 .CH 2 OH^C 0 H „ +N> 4 - HC1+CH 3 CHO 

(2) Replacement by Hydroxyl, Alkoxyl or Acyloxyl Group. When the 
acpieous solution of a diazonium salt is warmed, hydrolysis ot the 
compound occurs with the production of a phenol : 

C c H, N,C1 4 - H .OH ->C rt H, O H + N a +HC1 

Phenol 

When a dry diazonium salt is heated with an alcohol or a fatty acid, an 

ether or an ester is produced. 

C 0 H.NCl + H.OC.H 5 ^C„H,.O.C a H 5 + N, + HCI 

0 2 Phenatolc 

C 0 H,N 2 Cl + HO.CO.CH 3 -»C,;H r ,O.CO.CH 3 -f N 2 +HC1 

052 Phenyl acetate _ . 

(3) Replacement by Iodine. When a solution of a d.azomum sab, 
is warmed with potassium iodide, the corresponding tododenvative 

is produced:- K , _ C . H .I + N, + KCl 

The reaction is often employed as a preparative melhod for the 

Bromine or ^yonojenOjorup Wh£ 
a solution of diazonium salt is warmed 

‘of f^ShydLarhon results 

tTheyWher resemble ammonium compounds in the formation oi complex salts. 
6uch as the pJatinichloridcs, (Ar. 


flee. 4.] 
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C 0 H 5 N # C1(+CuC1) 


C.-HC1 +N 2 

v ' ' Chlorobenzene • i» in hvdro- 

„sr 3 « 

cvano derivative : ~ ^ ^ O r ,H-Br 4 N 2 + CuC1 

Bromobenzene « p. 

C...H-CN +N s 4-CnCl 

Phenvl cyanide 

i„ (B ?SS T a cuprous salt plays the part 

Sandmeyer’s reaction A mod l fi ™H° n 

’on the use of nnely- 


ivawvc • 

C 0 H - N.,C14-CuBi ■ 

C 6 H 5 N,C14-CuCN 


A reaction like the above, 

of ft, knowr^" Gat ter mann s^eactionas based 

divided copper in ] ,lac ® of t .^ °saItT*into evano-compounds is of 
imftortam^^since 1 thesef* compound 9 on hydrolysis yield the -matte 
acids. . . f n itrnopn In addition 

to ffi r ^nt^oLtTl^e.t= m -sunder- 

80 ( n'o} a “^ a Di°f ntunt bromides directly add on 

a molecule of bromine, yielding perbromides ^ 

Benzene diazo- ^y^Kidf*' 

(3) ConienZZn twines a n d pLnols. ^ [eaetiona a™ of 

CO "^\ n VrZT^d second amines r e.o, with diazonium salts, yield- 

ing 4 tHM mP TKSc.H s - C S H,.N S NH.C,H., + HC1 

Be-nz^e Aniline Diazonminobenzene 

Tl,e d , i n^t lU ?trtkl > n C dC property of the diazoamino-compounds is their 
isomerization into aminoazo compounds, the diazo-group m^gratmg t 

E £& & fuss.- 

aots simply as a catalyser. Thus, 

r Heat with aniline 

hvdrochloride _ _ 

< 7 > n= n.ra(~) -> < > »-< > Na 

Diazoaminobezcne 


9 


' X ' rr * Diazoaminobezcnc Aminoazobenzene 

(ii) Tertiary aromatic amines, in the form of neutral aqueous solution 

7 Cl -t- H / > T (CH,) a - 


s 


/ 

\ 


/ 


M 1 


V ___ ' 

Dimethylaniline * 

/ X N=N 


x y - — / X N(CH s ) a + HC1 

/>-Dimctliylanima-azobenzene 
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•of their salts, react with diazonium salts yielding aminoazo compounds : 

(in) Phenols, dissolved in alkalies, undergo coupling with diaaon- 
aum .salts, yielding hydroxyazo compounds : 

\ )N 2 |C1 4-H^ 

pKenol 

^ / N = N / yOH + HC1 

p-Hydroxy-azobeuzcne 

5. Constitution. (1) That only one of the two nitrogen atoms is 
•directly linked to the nucleus is shown by the conversion of diazonium 
'-alts into znono-hydric phenols, mow -halogen derivatives, etc and 
fchoir reduction to mono-sul stituted hvdrazines, such as C tt H s .NH.NH 9 . 



SIR WILLIAM HENRY PERKIN (1838-1907) 

The “Father of the Dyestuffs Industry” 

(2) From their close resemblance with the ammonium compounds 
-an the conductivities of their solution [p 265) and the formation of 
platinichloiides, etc. (see foot-noto 1. p. 265) Blomstrand assigned an 
•analogous structure to those compounds. 

According to modorn theory, the ammonium ion is givon tho structure:— 

« 1 + 

H:N:H 
• • 

H _ . 

tetra-covalent. Hence, the diazonium 


m 


is 


which the nitrogen atom 
>on must be assigned the structure 

[Ar — N 


N1 4- 
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ana \ —- 

Sec. 6,7,8.] 

It ie evident that one of the nitrogen atoms in the diazonium .on 

is tricovalent and the other tetracovaen ^^ importancc in synthetic 

6 . Uses Diazonium salt. preparation of numerous denva- 

organic chemistry ana are us-d P^^on B since th« diazon- 

tives of aromatic hydrocarbo ( ^ q unds via% the amino-com- 

ium salts are obtained from t t aromatic substances is a reaction 

Balts'^inindustry^ho^n by an almost un- 

degree of insolubility of 6 _ , • Q 0 th is soaked in an alkaline 

water are directly produced ™ dried, and then 

es =■&■£ c *. —.«... 

t^pioal "anfpl'rorJdye of this class is p-nitran.Une red (or Para 

Red) . OH 

_ I _ 

o 2 n-/ \_n = n-/_/ ’ 

— / \ 

\_/ 

which has a brilliant red colour comparable to alarazin. Some other 

ice colours in common use are Or«r.o« 

fi-naphthol 4- m-Nitroamline Nitroamline Orange 

fi-naphthol + 2, 4-Dinitroanilme Permanent Red 2G 

fi-naphthol a-naphthylamino -> Ice Bordeaux (claret) 

In calico printing, a paste is made of an a I kali.ie solution of 
beta-naphthol and a-thickening” material, such as s^ch. British gum, 
albumen ca^i i or glu 3 . T.ie desired design is made on the cloth w ith 
this paste, using a hand block o.- an engraved cylinder Too fabric after 
beina dried is then passed through an ice-cold bath of a diazonium salt, 
when the desired pattern or design, consisting of one or more ice colours, 
is developed «>n the cloth. 

8 . Phenjlhydrazine. C 0 H S NH NH,. This compound is prepared by 
the reduction of benzene-diazonium chloride by means of stannous 
chloride dissolved in hydrochloric acid, 

C a H 5 N 2 Cl + 4H -*• C 6 H 5 NH.NH„.HC1, 

Benzene diazonium Ptaenylhyilraziue 

chloride hydrochloride 

followed by treatment of the hydrochloride with caustic potash to 

liberate the free base :— 

lC e H 5 .NH.NH 3 ] HC1 + KOH -» C 6 H 5 .NH.NH„ + KC1 + H,0 
Phenylhydrazine is a colourless oily liquid which turns brown in air 
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iind boils with slight decomposition at 241°. On cooling it solidifies to 
form colourless crystals (m.p. 23°). It is only slightly soluble In 
water. 

Reactions. (1) Phenylhydrazine is a strong base and combines with 
acids to form salts, e.g., 

C 6 H 5 .NH.NH 2 -f- HC1 [C 6 H,NH.NH 3 ]C1 

Phenylhydrazine Pheuylhydraziniuin chloride 

(2) It is an active reducing agent and precipitates cuprous oxide 
from Fehling’s solution. 

(3) Phenylhydrazine is an important reagent for aldehydes, ketones, 
and sugars. Its reactions with these substances have already been 
described in their proper places. 


QUESTIONS 

1. Write notes on : (a) Saridmeyer’s reaction, (b) Diazotization, (c) Coupling, 
and (rf) Gattermann’s reaction. 

2. Describe the preparation of the diazo-compounds. and give their chief 
reactions. What are the industrial uses of diazo-compounds ? 

(Punjab, Inter.. I) 33 M 93 °) 

3. How will you effect the following conversions :—- (i) Nitrobenzene into 
benzoic acid, (ii) aniline into iodobeozene. (i»i) benzene into phenylhydrazine. 
and ( i'w) aniline into p-diraethylamine-azobenzene ? 

4. Explain the uses of diazo-compounds in synthesizing organic compounds. 

Illustrate your answer by quoting, wirh examples, sir different and characteristic 
reactions of this class of compounds. (Punjab, Inter., 1926) 

5. What is diazotization ? Starting from aniline, how would you prepare ben¬ 

zene diazonium chloride solution ? How would you use this solution to prepare (<i) 
benzene ( b ) chlorobenzene, (c) iodobeuzene (d) benzoic acid, and (r) phenylhydra- 
z , ne p (Punjab. Inter., 1943 ) 






l 



C„H 5 .KH t -!-H.SO, 
Aw >i»c 


+ H,0 

tHjO 

+ 2H..O. 


CHAPTER 32 

aromatic sulphonic acids 

, ^ of its derivatives is heated 

formation. When benzor j fuming su iphurie acid containing 

^ith concentrated 8ul l^J!* lc t J hydrogen of the nucleus is replaced by 
varying proportions of S0 3 ) th • , ® roduct is called a sulphonic acid 

the sulphonic group, — SO..OH- i 

*»d the process sulphonation. .R 0 ., 0 1I 

CfiHr, +H-SO 4 B cnzcne Sulphonic acid 

Benzene NHo 

-* C c H4 <so„OH 

Aniliue-/> -sulphonic acid 

^ „ .SOoO ri 
C u Hc + 2H>S04 Cc«4<S0o0H 

T^on7cuc-m-disulp^ on ic , « ■% 

The number of sulphonicgroups f 0 ^° ra i Je.’^he'concen-' 

pends (as in the case of nitro-g 1 ) Q f the substance undergoing 

nation of the acid, and 01 ‘ t t ^ e most three sulphonic groups 

sulphonation. In the case of benzene, atjbe 

may thus be introduced ntto . 10 . tion mixture sulphonic aeids may 
From the strongh aculi this does not occur, thev may 

separate out as crystals .°“ c °° l ‘^; ining excess of sulphuric acid by the 
be separated from the mixture coi 6 of it dissolves. Under these 

■addition of common salt, until no - tated as its sodium salt. This 

conditions the sulphonic aci . P ut i on treated with an equivalent 

ds separated, dissolved m water the joluti^ ^ ^ extraoted with 

quantity of a mineral acid and th gul £ onic acids is based on the 

ether Another method of sc .^ 1 ' " * ater P {see under Benzene-sulphonic 
•solubility of their barium salts m >v 

acid. See. 4). bv means of chlorosulphonic acid, 

^ “ ‘of sulphuric acid with another 

dehydrating agent, such as acetic anhydride. 

2. Manufacture. The process of THf 
sulphonation is of great technical impor¬ 
tance, especially in the manufacture of 
<lyes. This is based on the ready solubili¬ 
ty of sulphonic acids, and more parti¬ 
cularly of their sodium salts in water. 

Many compounds of beautiful colour, 
that cannot he used as dyes because of 
their insolubility in water, are rendered 
•available for dyeing purposes after 
sulphonation. 

The technical preparation of sulphonic 
acids is carried out in largo enamelled, 
or lead-lined pans (Fig. 1). This is 
usually provided with an outer jacket 
through which steam or cold water 
can be circulated to control the tempera¬ 
ture. If the compound to be sulpho- 


thermohctcr tube 

CHARGING DOOR ^ 
DISCHARGE 

TUBC~-*=x 1—rl 



• • V* 

Fig. r. Sulphonation Pun 
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nated is volatile, the pan is also fitted with a reflux oondenser (compare 
technical preparation of Aniline, Fig. 1, page 258). At the end 
of the opera ion, the charge is blown bv compressed air into water 
contained in large vats, and the sulphonic acid is recovered either 
as such or as the sodium salt. 


3. Properties and Chemical Behaviour. (1) Sulphonic acids are 
colourless, crystalline substances, very readily soluble in water, and 
are usually hygroscopic. 

(2) They are strong acids, and their salts (including the barium 
salts) are soluble in water. 

(3) When a sulphonic acid is treated with phosphorus pentachlo- 
ride, hydroxyl part of the sulphonic group is replaced by chlorine, 
with the production of a sulphonic chloride : 

C 6 H,.S0. 2 0H -fPCl a ^ C 6 H 5 .S0 2 C1 +POCI 3 + HCI. 

Benzene-sulphonic Benzene-sulphonic 

acid chloride 


(4) When fused with an alkali hydroxide, they give phenols, the 
sulphonic group being replaced by the hydroxyl group : 

C 0 H 5 S0 2 0K+K0H—»C fl H 5 .OH f K 2 S0 3 . 

The reaction is of great technical importance. 

(5) When th-ir potassium salts are distilled with potassium cyanide, 
the corresponding nitril -s are produced :— 

c 0 h 5 .so 2 ok+kcn->c 0 h, on 4 k 2 so 3 . 

The reaction mav be utilized for synthesizing aromatic acids : 

'C 0 H,CN + zH 2 O-*C 0 H s COOH + NH 3 

( 6 ) Lastly, the sulphonic group may be replaced by hydrogen. 
This is effected by passing superheated steam into ihe aoid, or by 
heating it at 150° with concentrated hj'drochloric acid in a scaled tube: 

C 6 H,S0 2 .0H C 0 H 6 4-H 2 S0 4 . 

4 -HOH 


4 Benzene-sulphonic Acid, C fl H 6 S0 2 0H. Benzene-sulphonic acid 
is prepared in the laboratory by the interaction of benzene and 
fuming sulphuhric acid :— 

C 6 H 6 4 -H 2 SO*-»C H 5 .S0 2 0H + H 2 0 

Benzene (1 part) is added gradually, with continued shaking, to fuming 
suiphuric acid (4 parts) contained in a flask, the latter being fitted with a 
reflux condenser 4 Care must bet iken that ea.h quantity of benzene gets dissolved 

before any further amount is added. ... . - 

When all the benzene has dissolved, the reaction mixture is poured into an 
excess of water, and then neutralized with barium carbonate made into a thin paste 
with water. The liquid is heated, and quickly filtered through a fluted 
and then allowed to cool. Barium benzene sulpbonate that crystallizes out .s, 

PUri6 r e o d 01^^^“ iSphoSfc weighed amount of the crystals 

is treated with the calculated quantity of dilute sulphuric acid The P££[P itat 
barium sulphate is filtered off. the solution evaporated to a small bulk, 
the benzene sulphonic acid is allowed to crystallize preferaWy.n a desiccator 

In the preparation of benzene sulphonic acid on a « ar g° * c » 
concentrated sulphuric acid is used instead of the fuming acid, but t) 
reaction is much slower and the mixture requires hea- .ng and stirnr g. 
Properties. Benzen* sulphonic acid crystallizes from "ater with 

1* H a O in colourless hygroscopic plates (m p. 6 f> ). It possesses all 

the chemical characters of aromatic sulphonic acid. 
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Use. Benzene-sulphonic acid is employed in the manufacture of 
metanilic acid (m-aminobenzene-sulphonic acid). 

5. Benzene Sulphonic Chloride, C 6 H 5 S0 2 C1. This is the aoid 
chloride of benzene sulphonic acid from which it is obtained by the 
action of phosphorus pentachloride (Reaction 3 . Chap. 4 Sec. 6 ). 

Benzene sulphonic chloride is a liquid with a disagreeable odour. 
It boils at 251 3 . Like other acid chlorides it reacts with water, 
alcohol, ammonia, and primary and secondary aminos : — 

(1) C 0 H 5 .S0 2 C1 + H.0H -> C 6 H,.S0. 2 0H 4-HC1 

Benzene sulphonic acid 

(2) C 0 H,.SO 2 Cl + C 2 H,OH C e H s .SO,.O.C,H s +HC1 

Ethyl benzene sulphonate 

(3) C 0 H;.SO 2 Cl + 2NH 3 -> C 6 H 5 .S0 2 .NH ? + NH 4 C1 

Benzene sulphonamide 

(4) C„H ..SO..C1 + NHjR -> C 0 H 5 .S0 2 .NHR HC1 

(Primary amine) Monalkyl benzene 

sulphonamide 

«5) C,.H,.SO i Cl + NH.R. C c H., S0 2 .NR 2 -f HC1 

(Secondary amine) Dialkyl benzene 

sulphonamide 

Reactions (4) and (5) form the basis of Hinsberg's method for the separa¬ 
tion of the primary, secondary and tertiary amines (See Chap. 17 Sec. 5) 

QUESTIONS 

1. What do you understand by sutphonation ? How is the process carried out 
in the laboratory and on a large-scale ? To what use is it put in the manufacture 
of dyestuffs ? 

2. Describe the chief physical and chemical properties of aromatic sulphonic 
acids. 

3. How will you prepare a pure sample of benzene-sulphonic acid in the laborat- 
ory ? To what commercial use is the compound put ? How may it be converted 
into (*) benzene. (*'») phenol, and (m) benzoic acid ? 

4. What do you understand by the term sutphonation ? How will you trans¬ 
form benzene-sulphonic acid into (a) benzene, (b) phenol, and (c) benzoic acid ? 

( Punjab , Inter., 1947) 

5. (a) How is benzene-sulphonic acid obtained, and what is it used for ? 

(6) Show what happens when benzene-sulphonic acid is treated with— (») Phos¬ 
phorus pentachloride, (* *) Superheated steam, and (i*i) is fused with KOH. 

( Punjab , Inter.. 1940) 

o. How is benzene sulphonic acid prepared, and how is it transformed into 
(a) benzene, (6) phenol, and (c) benzoic acid ? ( Punjab, Inter., 1941) 

7. Describe the preparation and properties of benzene-sulphonic acid ? 

(Punjab, Inter., 1943) 


CHAPTER 33 
PHENOLS 


1 . Phenols are derived from aromatic hydrocarbons by the replace¬ 
ment of nuclear h drogen by one or more hydroxyl groups. They are 
termed mono-.di-, or trihydrio phenols according as one, two or three 
hydrogen atoms of the nucl us have been replaced. 

Monohydric phenols are formed during the destructive distillation of 
wood and coal. Hence they aie present in wood-tar and toal-tar. It 
is fro.n the latter source that ordinary phenol (carbolic acid) and other 
mono hydric phenols are commercially prepared. 

2 General Methods of formation. Phenols may be prepared by 
the following general methods :— 

(1) From amino-compounds by diazotization and v arming the aqueous 

solu ion ( p. 2b5), . _ o 

(2) From sulphonic acids by fusion with alkalies (Chap. 32 bee 2) 

(3) From halogen derivatives of aromatic hydrocarbons via the Giig- 


nard reagents; e g., 

+ Mg +Oo 

C 6 H s Br -> C 8 H 5 .Mg.Br C,H,O.Mg.Br 

Bromobenzene 


H.HO 

C ft H 5 OH 


Phenol 


(4) From a phenolic acid by heating with soda lime ; e.g., 

C K x (OH) COOH + CaO C„H 5 OH + CaC0 3 . 

Salicylic acid Phenol 

(5) From lower homologues by alkylation. This is effect.d by heat 
ing them with alcohols in the presence of zinc chloride; e g , 

C 6 H 5 0H + CH s OH C b H,<Q^ 3 + H,0 


Phenol o-and p -cresols 

3 Phvs'cal Properties. The majority of phenols ore oolouiloss, 

* 

“°'r^Relctions" ™The reactions ‘of phenols may be discussed under 

^phor- 

perjtaohloridu. ^ a H C1 + FOCI, + HC1. 

Phenol Chlorobenzene 

• • rHCo 0 4 c.h.oh-^ck^+ot^h 

(3) Phenols, like aliphatic alc^hoH, may b^co”vert*d ^ J f 

heating iheir alkali Kbits with alkyl halides u8e d as a oatalyst 

aromatio hyd»«.carbons, finely divided copper be ng 
in the Litter case. 
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C 6 H 6 .ONa + CH 3 I -> C„H r> O.CH 3 + Nal 

Sodium phenate Methyl iodide Phenvl-methyL ether 

C c H 5 ONa + C,.H-Br C 0 H r ,.O.C n H, 4- NaBr. 

^ Diphenyl ether 

(4) Owing to th^ combination of the hydrox\ 1 group with the. 
electro-negative benzebe ring, phenols possess acidic properties, and dis¬ 
solve in aqueous alkalies, yielding salts, such as sodium phenate, 
C 0 H,.ONa. They are. hotveve-, weakly acidic, and their salts with 
alkalies are dec imposed by c irbon dioxide (<'oni rast salts of carboxylio 
acids). Th» dissolution ot phenols in alkalies and reprecipitation by 
carbondioxi le is frequently made use of in the separation of phenols 
from neutral or more strongly acidic substances. 

The acidio nature of phenols is influenced by the presence of other 
substituents in the ring. Thus, it is enhanced by the introduction of" 
nitro groups. 

(5) A characteristic reaotion of phenols is that in aqueous or alcoh¬ 
olic solution they give a violet, green or yellow coloration with ferric- 
chlo ide. Thus, ordinary phenol gives a violet, and carvacrol a green 
colour. 

‘ (6) When a phenol is heated with zinc-dust, it is reduced to the, 

parent hydrocarbon. 

C fl H r> OH -i- Zn -> C n H f , -f ZnO 

( B ) Reactions involving Substitution in the Benzene ring. The hy-. 
drogen atoms of the benzene ring in a phenol are more readilj 7 substi¬ 
tuted than those ot an aromatic hydrocarbon. Thus, ordinary phenol 
reidilv yields s-tribromoplienol. 0, } H 2 (OH) Br 3 , with bromine, 
•s-trinitrophenol (picric acid). C„H„(0H).(N0 2 ) 3 , with nitric acid. 

(C) Condensation Reactions. 

(1) Phenols in alkaline solution undergo coupling with diazonium 
salts, yielding azo-dyes ( p . 267j. 

>2) Another important reic<ion of phenols is their condensation, 
with phthalic anhydride. The products obtained are called phthaleins. 

5. Tests of Phenols. 

(1) Reactions with Ferric Chloride. [See Reaction (5) abovel. 

(2) Liebermann’s Nitroso Reaction. Most of the phenols, when 
wanned with concentrated sulphuric aoid and a little sodium nitrite, 
give a dark-coloured product, which when added to waUr, produces & 
red colour. This, on the addition of an alkali, changes to intense blue 
or green. (See Expt 1, p. 277). 

6. Distinguishing Characters of Pheno’s and Aliphatic Al¬ 
cohols Phenols differ from aliphatic alcohols in the following important 
points : 

(1) They possess an acidic character. 

(2) They give a violet, green or yellow colour with ferric chloride. 

(3) Tiey give Liebermann’s nitroso reaction (Sec. 5 (2) above). 

(4) They undergo coupling with diazonium compounds yielding 

azo-dyes (p. 267). ** 

. The y undergo condensation with phthalic. anhydride, yielding 
pMhalems (p. 274 Sec. -.■. * ^ J * v » 

7 * FHydroxyb&hzene. Carbolic Acid, C«HT 5 0H,. ! Phenol 
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is derived from benzene by the replacement of a hydrogen atom of 
benzene by a hydroxyl group :— 


/\ 

I I 

\/ 

Benzene 


l l 

\/ 

Phenol 



Occurrence. Phenol occurs in minute quantities, in the urine of 
man and that of the ox. It is the chief constituent of the “middle oil” 
fraction of the coal-tar distillation. 


Preparation. (1) Phenol is mostly obtained from “ middle oil ” 
fraction of coal-tar distillation as described in Sec. 213. 

(2) Some phenol of comm m oe is also prepared synthetically from 
benzene. The latter is converted into benzene-sulphonic acid, which is 
then fused with caustic soda. 

Properties. When pure, phenol is a white, crystalline solid (m. p. 43°) 
which goes pink on exposure to air and light. It is deliquescent, and is 
liquefied on the addition of even a very small proportion of water. 
Phenol possesses a very characteristic odour, is highly poisonous, and 
Jins a strongly caustic action on the skin. 

The most important reactions of phenol are :— 



LEO HENDRIK BAKELAND (1863—). 

hls 
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(1) Acidic Character. Phenol differs from a 
shewing an acidic character, and dissolves alkalies, 
are stable in the presence of water : 


liphatic alcohols in 
yielding salts that- 


C fl H 5 0H+ NaOH -> C c H,ONa -f H 2 0 

Phenol Sodium phenatc 

^Reaction with Phosphorus Pentachloride Phenol, like other hydroxy 
compounds, reacts with phosphorus pentachloride, chlorobenzene being 

produced :— 

C 6 H 5 0H-f- PCI 5 —> C 6 H 5 C1 + POCl 3 • HC1 

Phenol Chlorobenzene 

(3) When heated with acetic anhydride, it gives phenyl acetate 

^ (f^^When added to a solution of ferric chloride, phenol gives a violet- 

coloration. , .,. , 

(5) When heated with zinc-dust, phenol yields benzene : 


C 0 H 5 OH + Zn C rt H 0 + ZnO. 

(6) Liebermann’s Nitroso Reaction. See p. 275. 

Expt. 1. Dissolve a little phenol in concentrated sulphuric acid, and add a piece of 
sodium nitrite. Pour the dark-coloured product into a beaker of cold water; 
a reddish liquid is formed. Now alkalify the liquid with sodium hydroxide; a bluish 
green solution results. „ , , . 

(7) Reactions of the Benzene Nucleus. Phenol also possesses the 

general reactions of 1 he benzene nucleus^Jn fact the presence of the 
hydroxyl group in the nucleus renders*6hjj|jemaining nuclear hydrogen 

atoms Readily replaceable by other fuba^i|^5nt8 (compare aniline). The 

following reactions may be mentioned uaRr this heading : 

(t) Chlorine and bromine give, even with an aqueous solution of 
phenol trihalogen derivatives ; e.g , 


OH 

/X 

I I 

X/ 


4- 3Br a 



OH 

Br j /N j Br 

X/ 

Br 


{- 3HBr. 


s-Tribromophenol 

(it) Phenol is attacked by dilute nitric acid, giving o- and p- nitro- 
phenols. With concentrated nitric acid it gives s-trinitrophenol or' 
picrio acid ( See next section). 

(iii) Kolbe’s Reaction. When dry sodium phenate is heated with 
dry carbon dioxide in an autoclave at 140°, a carboxyl group is intro¬ 
duced into the nuoleus at the orfAo-position, producing the sodium, 
derivative of salicylic acid (phenol-o-cauboxylic acid) : — 


/X 

I I 

X/ 

Sodium 

phenate 


0Na 4-C0 



ONa 

\/ COOH 

Sodio-derivative of 
salicylic acid 


The reaction is employed in the manufacture of salicylic acid. 

Tests. Reactions (1), (4) and <0) given above may be employed in-_ 
the identification of phenol. 

Uses. (1) Phenol is used as a lotion for the dressing of wounds.. 
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It- is also employed for cauterizing the wounds oaiised by the bite of 
mad dog. • .» ■ . . 

(2) In the manufacture of dyes. : 

(3) In in iking picric acid, which is used as ap. explosive. 

(4) In the manufacture of certain medicinal, chemicals such as 
salioylic acid, salol, aspirin, and phenacetin. 

.(**) ^ ver *' r important use of phenol is in the.manufacture of bakelite. 
Ihis is a resinous material obtain' d by the condensation of phenol and 
formaldehyde in the presence of catalysts, particularly' ammonia. The 
chief use of bakelite is as an electrical insulatoh b it it also finds endless 
other applications where natural resins, celluloid or rubber are unsuited 

pip° stems, handles aeroplane propellers, ornamental artioles, 
varnishes, enamels, lacquers, and cement. 

■••••■ . • 'OH ‘ . . 

8. Picric Acid, 2:4: fi-Trinitrophenol, • •' 

, : • \/ 

NO, 

this important compound is prepared by the nitration of phenol. For 
this purpose, 1 part of phenol is dissolved in . 4' parts of omcentrated. 
sulphuric acid,-and the soluti >n is added gradually to 8 parts of cold 
concentrated nitric acid. The temperature is kept at about l0° through¬ 
out the addition. At the end of the operation, the reaction mixture is 
gradually' heated to 80°. l’he reaction proceeds with copious evolution 
of brown fumes of nitrogen dioxide. When no more fumes ar* coming 
off, the reaction mixture is allowed to cool. Crystals of pioric acid 
separate out. They are removed from the mother liquor, washed with, 
a little wat rt r, and finally purified by reorystallization from hot water. 

Picric acid forms crystals of faint yellowcotour having a bitter taste 
and melting at 122°. It dissolves in water to give a deep yellow solu¬ 
tion. It is a fairly strong acid, and neutralizes alkalies, yielding yellow 
or red coloured salts. 

The most valuable property of picrio acid is that it explodes on 
detonation. For this reason, it is employed as a powerful explosive. 


QUESTIONS 

\ .1 * * * * 

1. Describe the general methods for the preparation of phenols. What are the 

'baracteristic properties of these compounds ? (Punjab, Inter., rpjf) 

2. Describe the commercial preparation of phenol from coal-tar. How ■ 
phenol react with, (a) sulphuric acid, (fc) nitric acid. (. e ) s°di urn hydrnxidc^and (dj 

3 . Describe the important properties and uses ot phenol 
4 State how you would proceed to Introduce the 

JenZ 5 De Write notes on :-(«) Kolbe’s reaction, (6) Wcbermann’s nltroso reaction. 

md (c) bak^e acld prepare( i ? What Is it used for ? 



CHAPTER 34 


AROMATIC ALCOHOLS, ALDEHYDES AMD KETONES 

1 Aromatic Alcohols There are two classes of hydroxy denva- 

lives' o/aromat^c hvd.ocarbons, viz , (.) phenols in _ whtch the hj droxyl 

is in direct union with the benzene nucleus and (jj) aromatic alcohols 

which contain the hydroxyl group in the s.de chain ff J hc f 

been disoussed in Chap. 33), and, as already s-en. differ from aliphatic 

alcohols in several important respects. Aromatic alo ° ll °^ on 

hand, clos ly resemble aliphatic alcohols, m their methods of prepara 

tion and pioperties. 

2 Benzyl Alcohol, C rt H,CH 2 OH. Benzyl alcohol is a typical 
example of an aromatic alcohol. It occurs as esters of benzoic and 
cinnamic acids in the balsams of Peru and Tolu and in storax. 

Benzyl alcohol is usually prepared by tlm hydrolysis of benzyl chlo¬ 
ride with an aqueous solution ot potassium carbonate 1 . 

C*H 5 CH 2 C1 + KOH -»C c H 5 CH 2 OH + KC1 

The benzyl chlorul 3 is boiled with potassium carbonate solution in a 
flask provided with a reflux condenser, until the pungent smell of the 
chloride has disappeared (6 to 8 hours). The benzyl alcohol -s then 
extracted with ether and the etheral layer is separated, dried over an¬ 
hydrous potassium carbonate and then distilled over a water bath to 
recover the ether. The distillation is then continued over wire-gauze, 
the wfcter from the condenser being run off. The fraction passing at 
200°—210° is collected separately. 


Properties Benzyl alcohol is a colourless liquid having a faint, 
aromatic odour and is only sparingly soluble in w iter. It boils at 206 . 
In chemical properties, it closely resembles aliphatic primary alcohols, 
and forms ethers and esters When submitted to oxidation, it gives 
benzaliehyde C,jH 5 .CHO. and finally b-nzoic acid, C e H,.COOH. 

A point in which benzyl aloDhol differs from the aliphatic alcohols 
is, that, when treated with sulphuric acid, it is resinified and not 
converted into th« corresponding sulphuric ester. 

Benzyl alcohol entirely lacks phenolic properties, and does not dis¬ 
solve in alkalies, nor does it give any coloration with ferric chloride. 


3. Aromatic Aldehydes. The aromatic aldehydes containing the 
aldehyde group in the nucleus are of far greater importance than those 
in wKioh this group is present in the side-chain. They differ from aliph¬ 
atic aliehydes in certain important particulars, as will be seen fiom the 
following aocount of benzaldehyde. 


4. Benzaldehyde, / ^CHO orC tt H 5 .CHO. 

Occurrence. Benzaldehyde occurs in bitter almonds as a glucoside 
called amygdalin, from which source it was formerly obtained ; hence 
the name oil of bitter almonds; Amygdalin is decomposed as follows by 

x The alkali carbonates are hydrolysed in aqueous solution to give alkali hydro¬ 
xide and carbonic acid, 

KjCO* + 2H.OH ^ zKOH + HjO + COj 

The alkali hydroxide then hydrolyses the benzyl alcohol as shown above. 
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the hydrolytic action of the enzyme emulsin 
almonds :— 


also present in bitter 


C 3 oH 2 NO„ + 2H 2 0 CgHs-CHO + HCN + 2C a H 12 0 B 

Auiygdalm Benzaldehyde Glucose 

Methods of Formation. Benzaldehyde may be prepared by meth¬ 
ods similar to those used for the preparation of aliphatic aldehydes; e.g. t 

(1) By the oxidation of the corresponding primary alcohol, benzyl 
alcohol :— 

CfiH 5 .CH 2 OH + O C*H 5 .CHO + H 2 0 

Benzyl alcohol Benzaldehyde 

(2) By distilling a mixture of calcium benzoate with calcium for¬ 
mate :— 


(C a H 5 COO) 2 Ca + (HCOO) 2 Ca ->2C a H 5 .CHO + 2CaCO s 

Calcium benzoate Benzaldehyde 

(3) By reduction of benzoyl chloride (Roscnmund's method, page 

120 ) : 

C«H 5 .COCl + H 2 -> C,H s .CHO + HCI 

Benzoyl chloride Benzaldehyde 

(4) By the hydrolysis of benzal chloride with milk of lime : 

H.OH -H 2 0 

C„H 5 CHClo -» C e H 5 .CH(OH) 2 -> C A H 5 .CHO 

Benzal chloride Unstable dihydroxy Benzaldehyde 

compound 

In addition to the above methods, the folio"ing additional methods 1 
may be used for the preparation of benza]deh)'de :— 

(1) Direct introduction of the AUlehyde Group into the Benzene Ring 
(Friedel and Craft’s reaction). When benzene is treated yith carbon 
monoxide and hydrogen chloride in the presenoeof anhydrous aluminium 
chloride, we get benzaldehyde. In this reaction formyl chloride, 
H.CO Cl, is produced as an intermediate product .— 

CO-t-HCl—» HCOCl 

Formyl chloride 

C„H, C„H,CHO 4 HCI 

Benzenl w Benzaldehyde 


(2) Oxidation of a Side-chain to a —CHO Group. This may be etfe< 
ted in a number of ways 

(i) Etard’s Reaction. In this method toluene is oxidized by mean, 
of chromyl chloride. A solution of chromyl chloride in oarbon disiil- 
nhide is gradually added to toluene (also dissolved in oarbon disulpbiaej, 
wheii a dark-coloured precipitate consist!- g of an addition oompound 

is obtained. This is separated by filtration and are 

water, when benzaldehyde, chromic chloride and chromic ac d 

formed C<H C H a + 2 CrO,CI,-^.H,CH, 2CrO,Cl t 

3CrO.CI,+ H a O-.2CrCl a + H 3 CrO, + 30 
C a H 5 CH 3 + 20—»C e H ,CH04-H 2 0 

The chromic acid is reduced by means of S Oa and the mixture is then steam 

7 ~~ IThcse methods are general ones for the preparation ^ omatiC ****** 
having the—CHO group in direct union with the benzene nucleus. 
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^Thte^method is the one usually employed for the laboratory 

reparation of ^ anganese dioxide and sulphuric acid in the 

.presence of a little cupric sulphate as catalyst (See below, und 
Manufacture of Benzaldehyde). 

Manufacture. Benzaldehyde is prepared on a large scale trom 

toluene. Two different processes are in use 

(1) Through Benzal chloride (See p. 24/, bee. J). , . . , 

2) Pu Direct Oxidation. In the preparation of benzal chloride 
from toluene, no matter what preparations are taken, a small amount 
of chlorine enters the nucleus It is, therefore, impossible to prepare 
by the above process benzaldehyde free from chlonne. Tor use in 
pnfumerv, benzaldehyde must be of a high degree of purity. This 
is usually obtained by the direct oxidation of toluene with manga¬ 
nese dioxide and sulphuric acid in the picsence of a small proportion 
of cupric sulphate as catalyser. 

C 6 H 5 .CHO + h 2 o. 

Benzaldehyde 

Physical Properties. Benzaldehyde is a colourless, highly refractive 
liquid (b.p. 179°) with a pleasant, characteristic odour, resembling 
that of bitter almonds. It is sparingly soluble in water, but is 
miscible with alcohol and ether in all proportions. 


C,H 5 .CH 3 +20 

Toluene 






Reactions :— 

(A) Resemblance with aliphatic aldehydes . Benzaldehyde resem¬ 
bles aliphatic aldehydes in the following respects:— . , 

' (1) It readily undergoes oxidation, even on exposure to nir, yielding 

benzoic acid :— 

C 6 H 5 CHO + 0-»C 8 H # .COOH 

It reduces ammoniacal silver solution (but not Fehling’s solution). 

2) On reduction, it gives benzyl alcohol :— 

C 6 H 5 .CHO-f 2H -> C 6 H 5 .CH 2 OH 

(3) It reacts with hydrogen cyanide and sodium bisulphite to 
give a cyanohydrin and a bisulphite compound respectively. 

(4) It also reacts with hydrorylamine and phenylhydrazine in exactly 
the same manner as the aliphatio aldehydes. 

(6) It gives Schiff’s reaction (p. 117). I 

(B) Distinction from Aliphatic Aldehydes. Benzaldehyde differs 
from aliphatic aldehydes in the following respects - ■ 

(1) Cannizzaro’s Reaction. When benzaldehyde is shaken with 

strong solution of sodium hydroxide, one molecule is oxidized at 
the expense of another with the formation of sodium benzoate and 
benzyl alcohol (compare Formaldehyde, p. 119). x ^ j 

2C 6 H 5 .CHO-l-NaOH->C 6 H 6 .COONa-+C 6 H 5 .CH 2 OH. i j 

(2) Reaction with Ammonia.. When treated with ammonia, benzaide- 

hyde forms hydrobenzamide, j 

3C 6 H 5 .CH0+2NH 3 ^(C 6 H 5 .CH) 3 N 2 -F3H 2 0 ■ j 
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(.i) Benzoin condensation When benz&ldchydc is warmed with an 
alooholic solution of potassium cyanide' two molecules condense 
together to f >rm a keto-alcohol, called benzoin : 


C„H 5 CH =0 

t 


+ H.CO.C 6 H 5 -»C 8 H 5 CH(OH).CO.C 0 H 3 

Benzoin 


(4) Benzaldehyde condenses with certain alpha tie and aromatic 
compounds with the elimination of water, yielding unsaturated 
produots ; e g , 

Heat 

(a) C b H 5 .CHO+H 2 NC ? H 5 -> C 6 H 5 CH:N.C ft H 5 -f H,0 

Aniline Benzvlidene-aniline 

(b) C 0 H S .CHO + H...CH.CHO ^ C,H, CH:CH.CHO 4- H 2 0 

Acetaldehyde Cinnamaldehyde 

(c) C f> H ..CHO + Ho CH.COONa C 0 H,.CH CH.COONa + H 2 0 

Sodium acetate Sodium cinnamate 

Reaction (6) known as Claisen’s reaction, is brought about in the 
prose ice of a traco of alkali Reaction (c) called Perkin’s reaction, is 
afifecie 1 by h >a tin g the sub nance with acetic anhydride, which serves 
to take up water. 

(5) Benzaldehyde may be nitrated and sulphonatcd, the me/a- 
oompounds being th ; p incipal producs. Chlorination of benzaldehyde 
leaves the nucleus unaffected, the chlorine replacing the hydrogen of the 
ald^bydio group with the production of benzoyl chloride :— 

C 0 H* CHO + Cl 2 -> C e H s .COH 4- HC1 

The reaction is employed in ths commercial preparation of b-nzyl 
chloride 

Tests. 1. Bnzaldehyde has the smell of oil of bitter almonds. 

2. On warming 0 5 c.c of the aldehyd • with 0 5 o.c. of aniline and 
a pinch of fused zinc chloride and cooling, a white solid is deposited. 

3. On heating a mixture of the aldehyde, dimethylaninne and 
fused zinc chlorid-, a deep green coloration is developed. 

Uses. Benzaldehyde is used: — 

(*) In perfumery- 

(ti) In the manufacture of dyes 

CHO 

5 Salicylaldehyde. o-H ydroxybenzaldehyde, /\ 


\/ 

This compound is prepared from phenol by the Reimer-Tlemann reaction 
ivhioh involves the direct introduction of an aldehgde group into the phe 
"ol moleoule. The reaction is car, ied out by heating a strongly alka¬ 
li Resolution of phenol with chloroform. Along wuh ,he aldehyde 
its isomer «-h ydroxybenzaldehyde. h also produced. Those two pro 
due" a™ separated fron each other by acidifving the react,on, m-tur 
and strain distilling, p-isomer being non-volatile The mechan.sm o 
the re icti >n will be clear from the following scheme 


OH 

I I 

Phenol 


CHC 1 -, 


OH 

/\ 

| I CHC1 2 

\/ 

Hypothetical 

Intermediate 

product 


OH 


OH 


H.OH 


/ \ —H a o / N . CHO 

CH(OH) 2 I I 

V/ \/ 

Unstable Salicylaldehyde 

dihydroxy 
derivative 


aromatic ketones 


.... 28S 
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Sftlicyl»ldehyde is an oily liquid boil^ 
rating; *mt,obe„zenel.ke odom q 0 ' a ph.-nol and of an 

9odi “ n ; a ;; l8aro 

* Q Q < ___ .. n 1 1 


it yields salicyl alcohol, 0,.H 4 < C h 2 OH 


(compiMC acetaldehyde). 


Tests. 1. Salicylaldehyde smells like oil of miibane. 

2 It c< lorns the skin yellow 

3 ’ It is f*eely soluble in scdium hydroxide. 

4 ' It gives violet coloration with fe-nc chloride -solid 10 . 

tones ,e.g., acetophenone, C 0 H s CO.^n 3 . omn 

ble the aliphatic ketones in their properties. ., . those use d 

2. Ar, matic ketones may bo prepared by methods similar to those usea 

for aliphatic ketones (p. 11A Sec. 2,, and also by the .nteraetron 

benzene htdiocarbors and acid chlorides in the presence cf anlndrons 

aluminium chloride iFriedel and Crafts reaction) e.g.. 

C„H, + Cl.CO.C.H, -* C.H..COC.H, - HC1 

Benzoyl chloride Benzopbeuone 

7. Acetophenone, phenyl-melhyl Ketone. C«H-..CO-CH T is is 

the best known of the alphy 1-aryl ketones. It mav e P * ?_ „ oa t c and 
({) By distilling an cquimolccular mixture of calcium benzoate and 

calcium acetate : 

(C 0 H 5 .COO)o Ca + (CH 3 COO) 2 Ca 2C 6 H,.CO.CH 3 4 2CaC0 3 
Hi) Bv diopping acetyl chloride into well-coolcd benzene in the 
presence of anhydrous aluminium chloride (F riedel and Crafts reaction) . 

• C e Ho 4 C1.C0.CH, ->C 6 H 5 .CO.CH 3 + HC1. 

Properties. Aoetopheiwne is a crystalline solid (m p.20°, b. p. 202 ) 
having a flagrant edeur. It is slightly soluble in water 

In chemical behaviour, acetophencne is very similar to acetone. 

Thus, on reduction with scdium amalgam and aqueous alcohol it 
yields the secondary alcohol methyl •phenyl carbinol. 

C 6 H s .CO.CH 3 + 2H -> C 6 H,.CH0H.CH 
On oxidation, the aliphatic side-chain gets oxidized to a carboxyl 
group with the production of benzoic acid : 

C„H 5 .CO.CH 3 440 -> C 6 H 5 COOH 4 C0 2 4- H 3 0 

° 5 Benzoic acid 

Further, it reacts with hydrogen cyanide, hydroxylamme and 
phenylhydrazine in exactly the same manner as aliphatic ketones. 

However, acetcphei one does not combine with sodium bisulphite. is 
!• characteristic of all ketones in which the carbonyl group is in direct 

combination with the benzene ring. . r . 

Acetopher one. of course, differs from aliphatic ketones in the fact 
that, as an aromatic compoui d. it can be nitrated and sulphonated. 

Tests. The following facts about acetophenone may be used to 
identify this substance :— 
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1 Its melting point (20°) and insolubility in water. 

2. On oxidation with alkaline permanganate, it gives Benzoic aoid, 

which melts at 121°, and may be further identified bv tests desoribed 
(on page 287) 

3. It forms an oxime (m.p. 59°) and a phenylhydrazone (m. p. 105°.) 

Use. Acetophenone is used as a hypnotic in medicine, under the 
na me of hypnone. 

8. Benzophenone, Diphenyl Ketone. C 6 H 5 .C0.C ft H 5 . This com¬ 
pound is best prepared from benzene by Friedel and Crafts’ reaction. 

C 6 H rt + C fl H*.COCl -> C 0 H..CO.C a H s -fHC1 

Benzoyl chloride 

2C«H rt 4- COCl 2 C A H 5 .CO.C rt H, + 2HCI 

Carbonyl chloride 

Benzophenone forms colourless crystals (m. p. 48°). It possesses 
the usual properties of a ketone, and reacts with hydrogen cyanide, 
hydroxylamine, and phenylhydrazine etc., in exactly the same manner 
as aliphatic ketones. When subjected to reduction it first gives the 
secondary alcohol, dipl enyl carbinol. (C 6 H 5 ) 2 CHOH, and then diphenyl 
methane. (C rt H,)oCHr>. The first stage of reduction is effected by 
means of sodium amalgam and the socond by distillation with zinc-dust. 


C 

C 


Distil with 

Tr Na-amalgam n tt Zn-dust p u 

„H s>co -C.H., >cH0H -» 


C„H 5 


Tests. Benzophenone may be identified by means of the following 
properties of this compound 

1. Its melting point (48°), boiling point (305°) and insolubility m 
w<t t>p r 

2. Dissolves in concentrated sulphuric aoid to form a yellow 

30 3. When fused with KOH, it yields benzoic acid (m. p. 121°) and 

benzene (b.p. 80°). , , . 1Q - 0 

4. Its oxime melts at 141° and phenylhydrazone at 13/ . 

QUESTIONS 

,. Describe the preparation and properties of benzyl alcohol. In what 
important resp^ect^does^t^differ^frmn^pheno^^c^ibe the action on this compound 

of (a) potassium hydroxide, (b) ammonia. ( C ) nitric acid. G ^^°Y nter .. 

3 In what important respects do benzaldehyde and acetaldehyde differ from 

and pMparcd on „ collim crcial scale > What uses is i< 

P "‘ t ° 5 ? Describe tbe preparation, properties and uses oi ^to^uone. ^ ^ 

6 Write notes on : (a) friedel and Crafts’ reaction. (») Etard’s reaction. 
(C) Cannizzaro's reaction, and {d) Benzoin condensation. 
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. 4 .u~a* «f Preparation The aromatic acids may be 

obtained by^he “^ methods fbTpreparing aliphatic carboxylic acids ; 

e g '(\) By the Oxidation of a Primary Alcohol or an Aldehyde 

C e H s .CH 2 OH-f 20 -> C.H.C00H+H.0 

Benzyl alcohol Benzoic acid 

C 0 H,.CHO-t-0 -» C c H,COOH 

Benzaldehydc Benzoic acid 

(2) By ihe Hydrolysis of a Nitrile 

CcHr.CN +2H 2 0->C fl H 6 COOH + NH 3 
Benzo-nitrile Benzmc ac,d 

(Phenyl cyanide) 

T „ +ho above the following additional methods are avail- 

ah.e^;epa n r^Vthe a ar^u h o acids containing the -COOH group in 

AiV % e the U Ca e Zxyl Group into the Benzene nucleus 

(Fried. l and Crafts’ reaction). When a benzene hydro-carbon is treated 
with carbonyl chloride in the presence of anhydrous aluminium chloride, 
wegeTan acid chloride, which, on treatment with water, gives the 

corresponding^ ; e.g. i co ci ^ C .H 5 COCl +HCI 

Benzene Carbonyl chloride Benzoyl chloride 

C 6 H s COC1 + HoO C 0 H 5 COOH4-HCl 


(2) By Oxidation of a Side-chain. The oxidation of a homologue 
of benzene (or of a derivation containing a substituted side-ohain) 
is the most important method of preparing aromatic acds, 1 he ali¬ 
phatic side-chain, whatever its length, is oxidized to carboxyl group. 
The oxidation is effected by means of dilute nitric acid, or potassium 
permanganate in alkaline solution. 

C 6 H,.CH 3 + 30 C 0 H 5 .COOH + h 2 o 

Toluene Benzoic acid 

(3) From an Amino Compound through Sandmeyer i Reaction : 

Diazotize CuCN H.OH 

C.H.NH,-> C 6 H s N e Cl-» C,H„CN-» C„H 5 COOH 

Aniline ~ Benzene Benzonitrile Benzoic acid 

diazonium 

chloride 

(4) From a Sulphon c Acid. When the potassium salt of an aro¬ 
matic sulphonic acid is fused with potassium cyanide, we get a nitrile, 
which, on hydrolysis, gives an acid ; e.g ., 

KCN H.OH 

C 6 H 5 SO*OK-» C 8 H 5 CN-> C 6 H 5 COOH 

r^ota- sium benzene Benzo-nitrile Benzoic acid 

solphonate 

2. General Properties. Aromatic oarboxylic acids are colourless, 
crystalline solids, readily soluble in hot water, less so in the cold. In 
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ohemieal behaviour they resemble the aliphatic acids. On account of 
the electronegative nature of the bt nzene nucleus, the aromatio aoids 
are stronger than the aliphatic acids. Further, like aromatic hydro¬ 
carbons, they may be converted into the chloro, nitro, amino and other 
derivatives. 


3. Benzoic Acid. 


/“ 

\ 


"P COOH, or C 6 H 5 .C00H. 


\_/ 

Occurrence. (1) Benzoic acid occurs in the free state in gum benzoin 
and in the balsams ot' Peru and Tolu. 

(2) In the form of hippun'caod (b-nzoylglycine, C 6 H 5 CO.NH.CH 2 - 
COOH), it is present in the urine of the horse 

Preparation. (1) Benz >ic acid is obtai ied on the commercial scale 
from toluene. The latter substance is first chlorinated at its boiling- 
point to get bcnzotrichloride, which is then hydrolystd with milk of 
lime. 


C 6 H 5 .CH 3 +3C1 2 


C 6 H,CCI. 


H.OH 
- > 


C«H 5 CC1 3 +3HC1 

Benzotrichloride 
-HoO 

C 6 H 5 .C(0H) 3 -> C a H,.COOH 

(Unstable) Benzoic acid 


IfeO- IHIMrtl 

WATCH U* PMRH 


(UnstaDie; ocnzoit a«a 

The calcium salt of benzoic acid, thus obtained is treat- d with hyd¬ 
rochloric acid, when benzoic acid is precipitated. The acid is purified 

by crystallization from hot water. . „ „ 

(2) Much benzoic acid is al-o prepared commercially from naphtha¬ 
lene via phthalic acid (Sec 294). The latter substance is partially 
decarboxylatod by cautiously heating with soda-lime : 

C »H.<COONa + Na0H “» C„H 5 C00N»+Na,C0 3 

( 3 ) In the laboratory the acid is usually 
obtained by the oxidtion of benzyl chloride, 

0„H 5 CH 2 C1, by means of an alkaline solution 
of potassium permanganate. Benzyl chloride is 
probably first hydrolysed by the alkali into 
benzyl alcohol, which is then oxidiz-d by potas¬ 
sium permanganate to benzoic acid : 

C r H,CH 2 01 + H.OH -> C 6 H,CH 2 OH + HC1 

Benzyl chloride JT^AAu^ U O 

C„H,CH 2 OH + 20 C 0 H ,COOH + H.,0 

Benzoic acid 

Exot i. Preparation of Benzoic Acid. In a 

round-bottom, one-litre flask provided with a reflux 
condenser (Pic. i) are placed benzvl chloride (i part) 
and a solution^ Na 2 C 0 3 (i P--t) in water [v oPjrts) 

The mixture is gently boiled, “ ^1 

amount of potassium permanganate (i § P; irts ) 

S'ssolvcd in w^fe, (30 parts) is »?^d C ,adua y fro,,, 
a dropping funnel pushed down the top of the con 
denser 1 The boiling is continued, until tne pink 
colour of the permanganate l» a s disappeared. I he 
liquid is allowed to cool to about 8°- . anda cun nt 

of sulphur dioxide is.passed into • j 11 j^ 1 di P solve P d Fi Preparation of 

tate of manganese d "£‘ d * P CO ol.'crystals of Benzoic Acid from Benzyl 

Oil allowing tue reaction mixture w vw • j 

benzoic acid separate out. These are filtered off. Chlondc^ • 



4»CH.ao^*n) 
N«t CQ> 

WATER PARSE) 
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washed with a so,aU quantity of cofd water, aud huaiiy recrystaiiized ftou, ho, 

wate (:i) For pharmaceutical purposes, benzoic acid is still obtained from 

cum benzoin by sublimation. , . 

Physical Properties. Benzoic acid forms co.ourless, glistenin 
1 121° bp 250°), and lias a faint, aromatic odour. It is 

V A^ [ «Zh\ in hot water. alcohol and ether. It sublimes r« adily 
and b volatile ", steam ; the vapour has au irritating action on 
the nose and throat, and cans. s violent coughing. 

Reactions. In chemical behaviour, b. nzoic acid closely resembles 

aCe oV'ft d form S salts and esters jnst as acetic acid and rther ca.boxy- 
lie acids do :— 


C H.COOH 4 - NaOH —>C 0 H .COONa + H.,0 

0 ’ Sodium benzoate 

C G H r COOC 2 H s + H,0 

Ethvl benzoate 


c 0 h 5 cooh 4 - c„h 5 oh 


(2) When treated with phosphorus pentachloride, it gives benzoyl 

C.H COOH -J-PC1 5 —» C 0 H,COC1 + POCl 3 -f HC1 

6 J Benzoyl chloride 

(3) When benzoyl ohloride and sodium benzoate aie allowed to react 
together, they give benzoic anhydiide: 

°«H.C0C1 ^ C “ H > CO \ 0 4- NaCI 

C.H..COOKa Bcn S?d,ide 


(4) When the sodium salt of benzoic acid (or the acid itself) is distilled 
with soda-lime, benzene is produced : 

C c H 5 |COONa + NaO H -> C 0 Hc + Na..CO ; , 

Benzene 

(5) Like other aromatic compounds, benzoic acid may he nitrated 
or sulph-mated. 

Tests R nzoic acid and its salts maybe identified by the teste 
described in the following experiment. 

Uses. Benzoic acid is used :— 

(») In medicine, and 

(ii) in the manufacture of dy< 8. 

4. Benzoyl Chloride, C«fI,.COCl, is obtained by distilling benzoic 

acid with phosphorus pentachloride :— 

C 0 H 5 .COOH + PC1 5 -*C 0 H 5 .COCl + P0C1 3 4- HC1 

It is also prepared commercially Iroin benzal chloride. The latter 
substance on hydrolysis yields benzaldehyde, which on chlorination 
gives benzoyl chloride (page 355) : — 

C e H 5 .CUCl 2 4 - 2H.OH -► C 6 H s .CH0 4- 2HC1 

C 8 H s .CHO 4 - Cl 2 -> C 0 H 5 .COC1 4 - Hd ; * 
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Benzoyl chloride is a colourless, oily liquid with an extremely irritat¬ 
ing colour. In the ohemical behaviour, benzoyl chloride is analogous to 
acetyl chloride. Thus, it is decomposed by water, though far more 
slowly than acetyl chloride, yielding benzoic acid and hydrochloric acid. 

C e H 6 .COCl 4- H.OH C«H 5 .C00H -f HCl 

Use. Benzoyl chloride is frequently employed for introducing the 
benzoyl group, C„H s CO—, into hydroxy and amino compounds. The 
process is known as benzoylation. and is carried out by shaking the 
compound to be benzoylated with an excess of benzoyl chloride and 
dilute sodium hydroxide solution (Schotten-Baumann reaction) 

C*H 5 OH + CH.OO.C.H, ^ C*H 5 C00.C 6 H 5 + HCl 

Phenol Phenyl benzoate 


CeHjNHo + C a H 5 C0CI 

Aniline 


C 0 H 5 CONH.C 0 H, + HCl 

Benzanilide 


Aniline -- 

The alkali serves to remove the hydrochloric acid as soon as formed, 
and thus prevents the reaction from being reversed. The benzoyl 

derivative is separated by filtration or extraction with ether, and u 
then purified. Since benzoyl derivatives crystallize much more readil) 
than P the correspond^ aoetyl derivatives, they are pr- pared in pre¬ 
ference to the latter for the identification or isolation of hydroxy and 

amino compounds. 

Expt. 3 Benzoylation of Aniline : 

Aniline, 2 gm. 

Benzoyl chloride, 2 c.c -droxide solution in a small flask, and warm the 

Place aniline i and ^“^^^ e ^SS ua Uy to the warm mixture with 
latter on a water-bath. Add k -nd shake the contents as vigorously 

continuous shaking, i/oose y smell of benzoyl chloride still persists, 

as possible for a few minutes.quantity of sodium hydroxide solution 
destroy it by rrarm.ng " l ^ sk a in , “ rth " t e? when benzanilide. C.Hs NH.CO.C.H^ 

5K42 & prFdpitate ' wash wlth " at "' “ 

recrystai.izc iron. alcohol ^ compound in prepared 

by L ?„^":tioro h f«o h ‘.oAde )l 6 „d eodium benzoate (compare 
acetic anhydride). 

C w CO. Cl C 0 H 5 .CO 

V oh co ) 0+NaC1 

C H COO N& (jQtLz.yAJ/ 

emplo^d for 

hy 6 the Be ao“T of ammonium Carbonate on benzoyl ehlor.de or ethyl 

benzoate NH, -a C.H.CONH, + HCl 

Benzoyl cbloriS Benznm.de 

C„H.COOC ? H„ + NH 3 - C.H.CONH, + a . 

Ethyl benzoate 

Expt 4- Preparation of Benzamide. ------- a 

benzoylated is a solid, it should be finely powdered 
* If the compound to be benzoy i 

beforehand. 
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Ammonium carbonate, 10 gm. 

Benzoyl chloride, 5 gm. I4C.C.) . on ate in a mortar, add bcr.*»yl 

Place the fiiu ly powdered ann “° n ‘ u " w n.ixiure with a p-stle. If the smell 
chloride from a burette, and fhorough 1 ^ a<Jd a few t TO ps of concentrated 

of benzoyl chloride persistse\en aft „ e nroduct with water to dissolve out 

‘“"O”' 140 ““Slwf pump, and wash with 

' 0ld Bo^anfifK^is^ 'crdourless. crystalline^!-* lidrt ariilysi’lnble 
water i”. similar to acetamide in its .hem., at propert.es and. when 
boiled with alkalies, it gives ammonia endthv alkali benzoate 

C.H. CONH, + KOH —> C.H.COOK + NH, 

Benzamide “ Potassium benzoate 

7 Ethyl Benzoate. C«H 5 COOC,H Ethyl Benzoate is prepa. cm! 
bv the Fiscner-Speier method. This consists in boiling benzoic acid with 
twi^e its weight of absolute alcohol in the presence of a little concent- 
rat* d sulphuric acid or anhydrous hydrogen chloride, which 

catalysts. 

C 6 H 5 .COOH 4- CoH 6 OH ^ C„H,COO(\H, 4 


Expt. 5. Preparation 0 / Ethyl Benzoate — 

Benzoic acid 5? gm. 

Absolute alcohol. loo gm. (125 c c.) 

Concentrated Sulphuric acid. 10 gm. (5.4 c . c.) 

Place the mixture in a round-bottom flask provided with 


a reflux condenser. 


and boil it for 4 hours. Distil off the greater part of a cohol and pour the residue 
into about 5 times its volu nc of cold water Neutralize the liquid with solid 
sodium carbonate, and extract the ody ester with ether Separate the ethere-a lay t r 
auddryit over fused calcium chloride. Decant the clear liquid, mto a distillation 
tlask and distil off the ether. Replace the water coudeuser by an air condenser ; 
and distil off ethyl benzoate, catching the fraction passing over at 205-215“ 111 a 
clean dry receiver. . , . . OIOO 

Ethyl benzoite has a p'easant, aromatic odour, and boils at 6 . 

It closely resembles ethvl acetate in its chemical properties. Thus, 
when boiled with alcoholic potash, it gets hydiolysed into ethyl alcohol 
and potassium bmzoate :— 

C„H,.COOC a H, + KOH -► C*H 5 COOK + C 2 H 5 OH 

Ethvl benzoate Potassium benzoate Ethyl alcohot 



Phthalic Acid, 


/\COOH _ ........ 

| , or Bcnzene-o-dicarboxylic Acid 

y COOH 


Preparation. This acid may be obtained by the oxidation of 
o-xylene and other b.-nzene derivatives containing two aliphatic side 
chains in the or/Ao-position. It is technically prepared on a very large 
scale by the oxidation of naphthalene with fu ni.ig s ilphuric acid in tho 
presence of mercuric sulphate, which acts as a catalyser : 


/ \ / \ / ^POOFT 

| | | + 80 -» | + 2C0 2 4- H 2 0 

\/\/ \/ UH 

Naphthalene Phthalic acid 

During the oxidation, the S0 3 , present in the acid get9 reduced to SO.,. 

A more recent commercial process devised by Wohl and Gibbs consists 
in passing a mixture of naphthalene vapour and air over vanadium 
pentoxide heated at about 400°. The product consists off phthalic 
anhydride. 
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Properties. Phthalic acid is a colourless, crystalline substance 
which melts at 184°, yielding the anhydride : 


rt it -- COOH 

COOH' 


C c H 4 <£°>0+H 2 0 


• Phthalic anhydride '• 

| r . . M; • 

If the melted substance be allowed to solidify and its melting poiqt 
redetermined, it will be found to be 128°, the melting-point of the 
anhydride .... i, 

Phthalic anhydride sublimes readily, yielding long, needle^baped 
crystals. It slowly combines with, water, regenerating phthalic acid. 
When heated in a current of ammonia, it yields Phthalimide :— 


' > CO v 

o c h 4 £ >o+nh, 

>CO X 


C°: 

c 15 h 4 / )nh+h 2 o, 

\ nA / 


CO 


V/ " — | 

which when‘treated with alcoholic potash yields a potassium phthalimide. 


C 6 H 4 


/C° x 

s ^co / 


NK 


Test. Both phthalic ac'.d and the anhydride can be readily identi¬ 
fied by the fluorescein reaction. 

Expt 6. ’Fluorescein Retd ion. Heat strongly a mixture of resorcinol and 
phthalic anhydride in a test tube. .'Dissolve the product in aqueous sodium 

ide. A brownish 'red solution is obtained which, when poured into a large volume 

of water, shows a magnificent gteeft fluorescence. 

Uses. Phthalic’ acid is .used in the preparation of over 200 com* 
pounds. Its most important' commercial use is in the manufacture of 
indigo and of the dyes known as phUialeins. 

9 Reaction of Phthalic Acid with Phenols. An important 

Tnhy'dride^wiUi'ph'uuol 'preserice'of concentrated^ sulphuric 

acid (catalyst) :— 



C«H 




+H2O 


CO 

Phenolphthalcin 


E . 7 Take about -2 gm. of phthalic anhydride. 4 gm. of phenol and 
Expt. 7 . Takervnoui ^ a test tube Heat the mixture at 115-120 » 

- r 

xidition rt 4tld, pets d . ,scha ^ 4 crystalline substance, melting at 250°. 

Phenolphthalom is a white, r 8 It co lourloss w 

It is read ilv soluble in alcohol but .nsoiubl^ m water It ^ the 

acid and rie.it.ral solutions, but acquired an intense rose-red 
presence of alkali. 
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. phenolphthalein is used as a laxative, and as an indicator in the 

alkali to give a brilliant green-red fluoresence e ^ conccntrated 

Expt 8. Heat a mixture of aqueous sodium hydroxide 

sulphuric acid in a test-tube Di^ol . t\ P poured in a large volume ot water 

\ brownisn-red solution vs obtained, winen. wm-iw 

in a beaker, shows a magnificent greeu tluorescencc. ft red powder 

Eosine, the tetrabromo derivative of flu J iged as a d i rec t dye 

soluble in aleolul. Its disod turn or ammoin A dilute solution of the 

for silk and for staining biological specimens. A a. 

salt is used as red-ink. „-*rhr»wlic 

and a carboxylic acid. 

/ X COOH 


II. Salicylic Acid, | 


o-IIydroxy-benzoic Acid. 


\/ 


employed in pharmacy was formerly obtaimd. kueet biren on 

consists almost entirely of methyl salicylate. ., 

(» Preparation From Plena, by Kolbe ''^ 

,8 .prepared on a la £"“ ^““ le te d ™fth dr 5 carbon diox.de in an 

dioxide ^ 

position, producing the sodio-denvative of phcn> 

, / >»*+co,-* 1 / ')€Soh 

•• From the reaction product free salicylic acid is V^V£***K£* 
addition of hydrochloric acid, and is purified by recy a 

h0t (2) at From Phenol by tU action of Carbon Tefrac/i^oidc WJen a 
strongly alkaline solution of phenol is boiled with carbon te tra cbloride. 
salicylio acid 1 is produced. The reaction may be supposed to occur in 

the following steps :— 


/\ 


OK 


+ CC1 4 


^ r 

/X ca, + 3 K0H 


^ica + HCl 


I 




/X 0K 
jC(OH) 


/x OK 

x/ 'C^0H) 


+ 3KC1 


/\ 


I I 


OK 


\ / 


\/ 


COOH 


-+ h„o. 


—y—— ^ i ■ . ■ - t t ' t , i > ' • ' T ' - * • • i % .> t • * ' - * !' i ‘ 'l ^~ 

: *’At the^Suie ttine, some p-hydroxy-Lenzoic acid is also formed. 


1 
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(3) By the Oxidation of S .licjl Alcohol or Salic,/laldehyde. This i„ 
• ireeted by means of chromic arid. 


/\ 


CH.OH 

X/ 0H 

Salicvl alcohol 


2D 


. CHO 


^ : /X COOH 
X/ /0H + H -' U 

Salicylic acid 


•oh' 


COOH 

OH 


\/ - \/ 

Sahcylaldehyde vSalicylic acid 

(4) From o-Arninobenzoic Acid. The add is first diazotizod and the 
product is boiled with water :— 

/N | ™ 0H , /N |0OOH H - A |C OOH 

NH * K } N 2 C1 ^ L ) OH 


\/ \/ 

o-Arninobenzoic acid Diazonium salt Salicylic acid 

Physical Properties. Salicylic acid forms colourless needles (m. p 
155°). It is sparingly soluble in cold water, but readily dissolves in 
hot water alcohols, or chloroform. 

Reactions. Salicylic acid combines the properties of a carboxylic 
acid and phenol. Its more important reactions are : 

(1) When treated with an alkali carbonate, mono-metallic wit is 
formed by the replacement of carboxylic hydrogen, 

2C.H s <°“ oh -t-Na^CO, -» 2C «H,<®Q 0Na +H s O+CO, 

An alkali hydroxide, on the other hand, replaces both the phenolic and 
the carboxylic hydrogen atoms, yielding a dirnetallic xalt :— 


C„H.<£*J oh +2NaOH 


C * H <<COONa. +^,0. 


Disodium salicylate 

The di-metallic salts are decomposed by carbon dioxide with formation 
of mono-metallic silts. 

(2) On treatment with an alcoholic and gaseous hydrogen chldridc. 
it forms an ester, such as ethyl salicylate, C„H ,(0H) COOCoHj. The 
ester reacts with a cold solution of an alkali, yielding a metallic deriva¬ 
tive, such as Co H 4 1 ONa>.COOC 2 H,• When heated with an alkyl halide 
the metallic derivative yields a dialkyl derivative of the type C c H«- 

(OCH 3 ) cooo 2 h,. 

(ii) Acetyl chloride replaces the phenolic hydrogen by an acetyl 
group. 

C n H,<^ 0H +CH a COCl Or.H, < C QOH 3 + 

Acetyl-salicylic acid 

while phosphorus pentachloride attacks both the phenolic and the 
carboxylic groups, 

c « H ‘<COOH +2PCl,-C.H.<g )a +2P0CI,+ 2HC1 

o-Chlorobenzoyl 

chloride 

(4) When heated, salicylic acid partly sublimes and partly under- 
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goes decomposition into phenol and carbon dioxide, 

C„H 4 (OH).COOH -> c 6 h 5 .oh + co., 

the decomposition being complete in the presence of lime. 

(5) With ferric chloride, salicylic acid gives a violet coloration 
(compare phenol). 

(6) When salhylic acid is boiled with a solution of calcium chloride 
and ammonia, it yields a precipitate of basic calcium salicylate, 

/ \_Q 

| | „„Q>Ca. The reaction affords » means of separating salicylate 


aoiri from its isomerides which do not give the corresponding basic 
salts. 

Tests. (1) Add a few drops of ferric chloride : \ iolet coloration. 

(2) Heat with soda-lime ; smell of phenol. 

(3) Add a few drops of methyl ahohol and concentrated sulphuric 
acid, and warm ; characteristic odour of oil of winter green. 

Uses. (1) Salicylic acid is a powerful antiseptic and is used in the 
preservation of foods and such beverages as beer. 

(2) Sodium salicylate and acetyl salicylic acid (aspiiin) are both 
employed in medicine. 

(3) The methyl, and the /3-naphthyl esters also find useful appli¬ 
cation (.see below). 

12. Salicylic Acid Derivatives. 

Methyl salicylate, C,.H 4 < ^qq^ h , b.p. 224°, is the chief constitu¬ 
ent of the oil of wintergreen. It is much us<d in dental preparations, 
*nd is a constituent of synthetic aoaeia and other flower oils. It is 
also used as an anti-rheumatic. 

Ethyl salicylate, 0„H 4 < . (b . 233°) is similar to the 

methyl ester, but its odour is finer (resembling that of cardamom). 

Phenyl salicylate, poor H • ( ni - P* 42°) is known as salol 

*nd is used as an antiseptic. " ' 

t** m * yl SaliCylate ’ C 0 H 4 (OH)COOC 10 H 7 . is used internally as 
* n antiseptic m intestinal fermentations 

° r a5pirin prepared by heating salicylic acid 
with acetyl chloride or acetic anhydride ( acetylation) : 


o c h 4 


/O H -f Cl CO.CH., 


COOH 


C.,H . 


O(C0.CH 3 ) 


COOH 


+ HC1 


If forms glistening needles (m. p. 128° i, and is used extensively in 
vises of aoute rheumatism, feverish cold and headaches 

pATT 

Sodium salicylate, C 0 H 4 » is prepared by neutralizing the 

%oid with sodium carbonate. It forms colourless, pearly scales having a 
sweetish saline taste. It is used in medicine. 
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QUESTIONS 

«• How would you proceed to introduce the -COOH ^ft**”*™ 
rmg 2 ? Describe the different methods available for the synthesis of aromatic acids. 

prepay a p 

“«■ d.riv .^3 of ( S„«: • 93 ’ 

1 HOW is benioyl chloride prepared ? To what use is .t put in synthet.c organic 

Ch ^tSow G toS^“«ST«P> e rS‘‘”‘‘“ l“ b ° ratot y ? Compare its properties with 

t hOS ;° f De“crTbe id the usual method of preparing ethyl benaoate. Compare the pro. 

Pert 8 S DtKrita the'^* 2 ton‘ 3 'pW : > l » Uc acid ftom naphthalene. What happens 

■>®:s 

11. Write notes on . .. (M Kolbe’s reaction. t 

(a) Schotten-Baumann reaction. Frjedel and Cra f ts * reaction 

(c) Fluorescein r f actl °“- ana i vsis , the undermentioned data. Calculate 

12. A monobasic acidg • “ ® g| . - est its structural formula. 

the empirical formula o ? the ac d an( f g 045 gm of «*<>. 0 301 g ra - 8 a o ve ®’ 28 a A^ 
0 201 gm. gave o 308 g • ; . c . of N/10 alkali, [ Ag=io 8 . Br— 80 ). 

of AgBr. 0 402 gm. were neutralized oy ( Punjab. Inter.. 194 2) 

Br ] 

C,H»0«Br; C 0 H 4 <cOOH. 


when 

9 


f Ans. 
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OXIDIZING. REDUCING AND CATALYTIC AGENTS USED IN 

ORGANIC CHEMISTRY j 

|. Oxidizing Agents. The following substances are usually em¬ 
ployed as oxidizing agents in organic chemistry :— 

'(I) Potassium Permanganate. This reagent ,s used both in the d 

and the alkaline solution. In ti e presence of an excess of dil 
sulphuric acid, it yields five equivalents of available oxygen, 

2KMn0 4 + 3H 2 S0 4 K,S0 4 + 2MnS0 4 4- 3H 2 0 4- 50 

while in an alkaline solution it gives only three equivalents .— 

2KMn0 4 + H„C-> 2K0H + 2Mn0 2 + 30. 

In the presence of dilute sulphuric acid, it is used to estimate the 
strength of a solution, containing oxalic acia or an oxa a o. 
alkaline solution, it is employed (») in the oxidation of a benzene e- 
rivative containing a side chain to a carboxylic acid, and (u) o es 
the presence of a double or triple bond in an organic compound. 

(2) Potassium Dichromate. This reagent is invariably used in the 
presence of a dilute sulphuric acid :— 

K 2 Cr.,0 7 4- 4H 2 S0 4 -f Cr 2 (S0 4 ) 3 + 4H,0 + 30 

It is employed for the oxidation of ethyl alcohol to acetaldehyde 
and to acetic acid. It is also used for the conversion of aniline in o 
aniline black. 

(3) Lead Chromate. In the quantitative estimation of carbon and 
hydrogen in an organic substance containing a haloge n, lumps of fused 
lead chromate are used instrad of cupiic oxide. This salt, like cupric 
oxide, acts as a powerful oxidizing agent at high temperatures ' 

2PbCr0 4 2PbO 4- Cr 2 0 ; , 430 

Lead chromate is preferred to cuprio oxide because lead halides, 
that are here produced, are less volatile and more stable than the 
corresponding copper compounds. 


(4) Nitric Acid. This reagent finds a wide application as an oxidi¬ 
zer of organic substances. An important example of tbo complete 
oxidation of a substance by fuming nitric acid is the Carius method 
for the estimation of halogens, sulphur and phosphorus. When concentra¬ 
ted nitric acid is added to cane sugar, copious brown fumes of nitrogen 
dioxide are evolved, and the sugar is oxidized to oxalic acid. Toluene 
and oiher derivatives of benzene containing a side-chain, when boiled 
with dilute nitric acid, give aromatic acids. 

(5) Sulphuric Acid. An important example of the \ise of concentra- 1 

ted sulphuric acid as an oxidizing agent is the Kjeldahl method for the 
estimation of nitrogen in an organic compound. The substance is 
heated with concentrated H 2 S0 4 and KHS0 4 , whereby the carbon 
present in the compound is oxidized to C0 2 , while nitrogen is left as 
ammonium sulphate. Fuming sulphuric acid is commercially employed 
for the oxidation of naphthalene to phthalic acid, under the catalytio j 
influence of mercuric sulphate or metallic merbhry' :—- . I 
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CH 

\A> h 

CH 

Naphthalene 


f 90 


^^COOH 
x/ COOH 

Phthalic acid 


-f 2C0 2 + H.,0 


(<)) Manganese Dioxide, in the presence of sulphtiric acid i 9 employed 

j or l ' ie oxidation of the side-chain of a benzene homologue to an alde¬ 
hyde group ;— 

MnO., 4 HSO 4 —» MnS0 4 + H,0 +0 
C 0 H,.CH, + 20 -> C c H,.CHO -f H,0 

i olucne Benzaldehyde 

(7) Hydrogen Peroxide. Hydrogen peroxide in the presence of a 
ferrous suit (Fenton’s reagent) is used for oxidizing the hydroxy acids ; 

p -9 . 

CH 3 .CH(OH) COOH 4 H„0 S -> CH ; ,.CO.COOH + 2H a 0 

Lactic acid Pyruvic acid 

(S) Sodium Hypobromiie. This reagent is used in the estimation of 
urea :— 


XH....C0.NH, + 3NaOBr CO., + N, -f 2H,0 -f 3NaBr 

The evolved nitrogen is measured over a strong solution of potassium 
hydroxide, which absorbs carbon dioxide. 

(9) Cupric Oxide. This substance is used as an oxidizing agent in 
organic analysis for the detection and estimation of carbon and hydro¬ 
gen. Fehling'.s f-tJu'ion which is an alkaline solution of cupric oxide 
in the presence of Rochelle salt, is used for the detection and estimation 
of aldehydes and sugars. 

(10) Air. Atmospheric oxyten is used for oxidizing organic subs 
tances in the presence of finely-divided platinum, or enzymes called oxy¬ 
dases. Thus, mothyi alcohol vapour, when mixed with air and passed 
over platinum black, gives formaldehvde : 

2CH.,OH4-0;. -*• 2H.CH0 4?H 2 0. 

A dilute solution of ethyl alcohol in the form of weak wines is oxidized 
to acetic acid under the catalytic effect of mycoderma aceli. 

2 Reducing Agents. The following are the methods of reduction 
generally employed in Organic Chemistry : # 

(1) Reduction with Nascent Hydrogen in Acid Solution. The 
most important- agent used in the reduction of orvanie substances is 
nascent hydrogen. »>.. hvdrogen g.-ncratrd in the prestnee of the 
substance to be reduc’d Reduction with nascent hydrogen is effected 
in an acid, alkaline, or a neutral solution. As examples of reduction 
bv means of nascent hvdrogen in acid solution we have : 

' (/) T,n and Hydrochloric Acid. This mixture is used in the-labora¬ 
tory for the reduction of aromatic nitro compounds to the amino- 
compounds, the metal being converted into stannous, and then into 


tannic chloride : „ „„ 

Sn4 2HCl SnCl.,+2H 

SnCl„+2HCl SnCl 1 4 2H 

G„H fl N0 2 46H ->C«H B .NH 2 +2H t O 

Nitrobenzene Aniline 

(*"*■) Stannous Chloride and Hydrochloric Acid. 
dve better yields than tin and hydrochloric acid. 


These sometimes 
The reduction of 
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benzene diazonium chloride to phcnylhydrazine may be mentioned as an 
example of this method. ^_ rT 

C 6 H,N 2 CM-4H -► C 6 H,NH.NH 2 .HC1 

(Hi) Iron and water in the presence of a little hydrochloric acid is 
employed for the commercial preparation of aniline from nurobenzen . 

\iv) Hydrioiic Acid. The reducing action of this reagent is due t 
its tendency to yield nascent hydrogen at moderate temperatures : 


2HI 


2H + 1 


Thus, 
in the 


The main use of this reagent is to reduce the hydroxyl group present in 
an organic compound t ■ a hydrogen atom. Thus, glycerol, on being 
heated with hydrogen iodide at 275" in a sealed tube, yields propane 

CHoOH CHOH.CHoOH + 6HI CH 3 .CH 2 CH 3 4-3H 2 0+3I 2 

Glycerol ' Propane 

Similarly, hydroxv acids are corresponding carboxylic acids 
tartaric acid, on being heated wi h concentrated hydriodic acid 
presence of red phosphorus, yields succinic acid . 

CH(OH)COOH CH 2 GOOH 

I +4HI -»• | -p 2 H >0 4- 21 2 

CH(OH)COOH CH ? COOH 

Tartaric acid Succinic acid 

The red phosphorus serves to ke p tlie concentration of hydriodic acia 
practically unchanged throughout the reaction, as it attack* the iodine 
produced, reconverting it, in the presence of water, into hydriodic aoid. 

(2) Reduction with Nascent Hydrogen in Alkaline Solution. 

The various methods employed for effecting reduction in alkaline 
solution are : 

(t) Metallic. Sodium and Absolute Alcohol. This mixture is employed 
for the reduction of alkvl cyanides to primary amines : — 

C. 2 H „OH+ Na CoH ,ONa 4- H 

RC = N+4H -> R CH 2 .NH 2 

Sodium and boiling amyl alcohol reduc? benzoic acid to hexalivdio- 
benzoic acid : 

C B H s COOH-t 6H —*• COOH 

(ii) Sodium Amalgam and Water. This mixture is employed mainly 
for reducing olefine derivatives to the corresponding saturated com¬ 
pounds : eg., 

Na 4 H OH —» NaOH + H 

C b H s CH=CH COOH + 2H C 6 H,.CH 2 .CH 2 COOH 

Cinnamic acid Phenyl propionic acid 

The alkali produc?d in the reaction sometimes exerts a destructive action 
on the products of r< duction. Aschan'* method to overcome this diffi¬ 
culty consists in passing a cui rent of CO., through the reaction mixture, 
and thus converting the sodium hydroxide into the bicarbonate as fast 
as produced 

(itt) Zinc-dust and Sodium Hydroxide. An example of the use of this 
reagent is the conversian of o-nitraniline into o-phenvlenediamine :— 

Zn-f 2NaOH Zn(ONa) 2 -4-2H 


7 X , NH, 
X /' N0 ‘ 

o-Nitraniline 


+ 6H 


4-2H.O 

\/ 

o-Phenvlene diamine 


NH, 
NH" 
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(3) Reduction with Nascent Hydrogen in Neutral Solution 

A number of reductions occur most readily in the absence of free acid 
or alkali, and may be brought about by the following reagents • 

(*') Z/inc-Copper Couple and Alcohol. This reagent is used for reduc¬ 
ing alkyl halides to paraffin hydrocarbons ; e g., 

C 2 H 5 I + 2H -> C 2 H 6 + HI. 

(»*) Zinc-dust and Water. This is found most suitable for reducing 
aromatic nitro-compounds to the corresponding hydroxylamines : e.g., 

Zn + 2H.OH -» Zn(OH ) 2 -f 2H '‘ 

C«H,.N0 3 + 4H C a H s NH.OH + H,0. 

Nitrobenzene Phenylhydroxylamine 

(Hi) Aluminium Amalgam and Water. This is a useful reducing agent 
for converting ketones into secondary alcohols, 

CH 3 .CO.CH 3 + 2H ->CH 3 .CH(0H).CH 3 , 

Acetone Isopropyl alcohol 

and also for reducing nitro-derivatives to hydroxylamines. 

(4) Electrolytic Reduction. This is an important method of ef¬ 
fecting reduction with nascent hydrogen in an electrolytic cell. The 
most important example of the use of this method is the reduction of 
nitrobenzene. The products formed depend upon : (a) nature of the 
solution (i.e., whether acidic, alkaline or neutral), and its concentra¬ 
tion, ( 6 ) temperature, (c) strength of the current used, and (d) the 
materials of which the electrodes are made. By varying these condi¬ 
tions, nitrobenzene may be reduced to give a number of products, name¬ 
ly, p-amino phenol, azoxybenzene, azobenzene, hydrazobenzene and 
aniline. 


(5) Catalytic Reduction with Hydrogen (Hydrogenation). A 

very important method of converting the unsaturated into the saturat¬ 
ed compounds and of reducing the aromatic compounds to hexamethy- 
lene derivatives consists in passing the vapour of these compounds over 
heated metals, in a very finely-divided condition. The method was 
thoroughly investigated by Sabatier and Senderens. Of the vanous 
metals used, finely-divided nickel was found to give the best rfsul s. 
The method has acquired considerable commercial importance, and is 
nowadays used for the manufacture of artificial ghee by the hydrogena¬ 
tion of oils. The process consists in pass ng hydrogen through the heated 
oil having finely-divided nickel suspended in it. The unsaturated liqui 
glycerides are thereby converted into the corresponding saturated com¬ 
pounds, which are solid fats. 

C 8 H,t0.C0C I 7 H 33 ) 3 -t- OH ->C,H s (C.C0.C aT H s5 ). 

Olein Stearin 

( 6 ) Other Methods of Reduction. The following examples 
trate the use of other reducing agents in organic chemistry : 

1 l i) Reduction of solid diazonium salts to hydrocarbons by means 01 

alcohol 

C a H a N»Cl + CH 3 CH a 0H C„H 0 + N 2 + HC1 + CH 3 .CH0 

(tt) Reduction by means of ammonium aulphide in alcoholic solution 
is especially useful for the partial reduction of polynitro compound*. 

3- Catalytic Agents. Catalytio agents play a far greater part 
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v.j 

««w- " 

Most of the pr? S -d \he a,coho, 

r^X^n 'X-ntl "’.d o? acetaldehyde when passed ovet 

zinc heated a C H 3 .CH.OH CH ; ,.CHO + H 2 

Isopropyl alcohol gives an almost” ' 

its vapour is passed1 on er ric u II rma i ( leh\de bv air in the prcs- 

The oxidation of methyl alcohol to ()f di i\, tc alcoholic liquors to 

acid in th0 prPS ’ 
f ^lons are catalysed 

^ StSS" 0 " -Xand of sugars by dilute 

aCi t 3 ) a DeX"- ar Xni^‘he r au-d °at 400° brings about the dehydra- 
tion of alcohols and amides, e.g., 

CH 3 2 CONH 9 ^>CH 3 4 CN q- h 2 0- 

(6) friedel and Crafts Lc^S 

homologues of benzene and sc < , • chloride as the catalyst 

wX^lXf water to gi, 

acetaldehyde, CWssCW 4 . H „O^CH 3 .CHO. 

is a commercially important reaction, which is carried out in th. 

presence of mercuric sulphate, acetate, am 

(8) Conversion of acetcldihyde into amoi, e uy 

Par The Ch abovea P re 1 but a C few 9 of a countless number of catalytic reaction 

by p r ,x 

are practically all catalytic in nature _ 7 

~p ,0 i i D * Si'** Bui tUt^^ ->' 

Icy 4-' QUESTIONS * , 

" VU > '^ance'^Xy Employed as*'"’oxidizing agents in organ 

chemistry. Explain your answer by taking specific examples.^ ^ Ig2 

What methods of reduction are employed in Organic Chemistry P Expla 
swer hv taking specific examples. . . . , 
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PRENDIX I 

ATOMIC NUMBERS AND ATOMIC WEIGHTS OF SO&E ELEMENTS 
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Element 

i 

Symbol 

| 

Atomic No. , 

1 

Approximate 
Atomic Weight 

~1 
i 

Bromine 

Br 

I 

35 

80 

< T aIcium • 

Ca 

20 

40 

Carbon 

C 

6 

12 

Chlorine 

Cl 

17 

35-5 

Hydrogen 

H 

l 

I 

Iodine 

• 

I 

i 1 

; 53 

127 

Nitrogen 

N 

7 

14 

Oxygen 

i 0 

I 

8 ! 

i 

16 

Phosphorus 

P 

15 

31 

Platinum 

Pt 

78 

195 

4 

Potassium 

K 

19 

*f 

39 

\ 

Silver 

' A P 

47 

108 

■Sodium 

Na 

11 

23 

| 

iulphur j 

' S 

.4- 

i » 

32 

- - ^ 

& 


\r' 

^ rv 










APPENDIX 11 

TENSION OF WATER VAPOUR IN MILLIMETRES OF MERCURY 


1 

Temp. 

Vapour 

°C 

pressure 

5 

65 

6 

70 

7 

7-5 

8 

8-0 

9 

8-6 

10 

9-2 

1 1 

9*8 

12 

10*5 

13 

11*2 

14 

11 9 

15 

12 7 

Hi 

13 5 


Temp. 

j *c 

i _l_ 

Vapour 

pressure 

1 ' ’ 1 

1 17 

14 4 

18 ! 

154 

19 i 

16 3 

20 

17 4 

21 

185 

22 

197 

23 

2u-9 

24 

22 2 

• 25 | 

23-6 

20 

250 

27 

26 5 

28 

28 1 


I 


Temp. 

Vapour 

° c 1 

pressure 

29 

29*8 

30 

I 31 '5 

31 

33-4 

32 1 

35-4 

33 

37-4 

34 

39 5 

35 

41-8 

36 

44-2 

37 

467 

38 

! 493 

39 

52 0 

40 

54 9 


APPENDIX III 

USEFUL MEMORANDA 


Weight of 1 c.c. of hydrogen at N.T.P. =0 00009 gin. 

One )itre = 6i cubic inchcs=o - 22 gallon =1 8 pint =35:: fluid ot. 
1 fluid oz =28-4 c c. 

« gram = 15-4 grains. 

1 l V: =453'& grams. 

1 Kilograroine= 2-2 lb. 


1 oz. = 28-35 gra. 
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